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Distillation is perhaps the oldest unit operation to be 
applied to chemical industry and owes its inception to the 
alebol industry. It plays an Important role In numeris 
chemical industries especially in petroleum and distilleries and 
accounts for a substantial portion of the capital investment in 
the petroleum industry. Its importance can be gauged from the 
tact that 41 American chemical companies contributed funds for 
launching a research programs on tray efficiency In distillation 
columns under the aegis of the American Institute of Chemical 
Engineers. A similar effort has been made by the British 
Chemical M,nuThcturere Association and British Chemical and Plant 
Manufacturers Association In the U* F-, * 
The number of plates necessary for a given separation in a 
System is a prerequisite for the design of etagewise counter 
current gas-liquid contactora, each as distillation columns. 
The number of stages or plates depend on the plate efficiency. 
It is therefore of great iiortanoe to be able to predict this 
performance or efficiency. 
It is well known that the plate efficiency is a function 
of kg, '-L-interfacial area and time of contact between the gas 
and liquid phase. It is interesting to note that the number of 
variables affecting these and hence the plate efficiencies Is 
assumed to be quite large. Therefore it is no wonder that the 
prediction of plate efficiency is ocxsplex, intractable and has 
defied adequate solution so far. The plate efficiency is 
affected by three types of variables:- 
Operating variables 
Design variables 
(a) Physical properties of the system involved. 
There is some speculation in the literature about the 
relative effect of these variables on plate efficiency. Various 
workers have directed their efforts in the following wayss 
A purely empirical correlation to evaluate plate 
efficiency from a limited number of variables has 
been proposed. 
A fundamental approach to evaluate kg, kL, 
Interfacial area and time of contact has been 
adopted, 
An extensive amount of work has been done in these 
directions and copious data published but it is disquieting to 
observe that the results in many cases are contradictory. 
However, the redeeming feature is that many elegant techniques 
and models have been developed. The following well known authors 
have made attempts to put forward the models of liquid vapour 
contacting on &tetillation plates in recognition of the importance 
of vapour flow patternas 
(I) 	Geddes (1) imagined the bubbles were in plug flow and rose 
In the liquid independent of each other. 
Bakowaki (23, 214) proposed a jet flow model in which 
vapours passed through a channel extending from the 
orifice to the surface of the dispersion, * He stressed 
the importance of bubble coalescence. 
'alerban1c () proposed a bubble chain model in which 
chains of bubbles moved vertically upwards virtually in 
contact with each other, and assumed their coalescence. 
3 
Zuiderweg and Harmena (5) conjectured the influence of 
dynamic forces of surface tension to inhibit or promote 
bubble coalescence. They believed that bubbles could 
produce either froth or spray and attempted to explain on 
this basis why the nature of fluids and their concentration 
could influence the plate efficiency. 
Calderbank (69, 7) devised means for measuring the density 
and gas hold up of gas-liquid dispersions. He also 
measured the interfacial area of a dispersion either by 
flash photography or by the use of a reflectivity probe. 
As already mentioned the results accruing from the studies 
of mass transfer are contradictory with regard to Vie effect of 
composition and vapour velocity on plate efficiency. With a view 
to unravelling this, the present study was launched. The 
following precautions were observed to safeguard the accuracy of 
results; 
Sensitive instruments like the Ultraviolet 
Spectrophotometer and v-ray transmission techniques were 
used for the chemical analysis of components. 
Entrainment was avoided by adequate spacing between the 
plate and vapour outlet port from the column. 
Accurate vapour/liquid equilibrium data were used for the 
evaluation of plate efficiencies. 
14 
FUNANTAL CCCPPt 
i • sorei (8) was the first person to introduce the idea of 
comparing the performance of a distillation plate with that of 
* theoretical or perfect plate. The perfect plate was 
defined as the one which sends out the vapour and, liquid in 
thermodynamic equilibrium, 
Lewis (9) introduced the concept of overall plate 
efficiency and defined it as the ratio of number of 
theoretical plates to the number or actual plates to bring 
about the same degree of separation. 
Murphree (10) defined the plate efficiency as the ratio of 
actual enrichment in vapour stream brought about by the plate 
to the change which would have taken place, had the plate 





If the equation (2 9 1) Is applied to a point on the plate, it 
Is called EJG,  the point efficiency. 
Vurphree deduced the following relationship between 
point efficiency and coefficient of mass transfer, interfacial 
area between the bubbles rising throwh the liquid on the 
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He made the following assumptions in deriving the equation 
(2.3): 
There was equimolar diffusion between the vapour and 
the liquid on the plate. 
The vapour was in plug flow. 
The liquid on the plate was perfectly mixed. 
Murphree also defined the plate efficiency in terms of 
liquid composition instead of vapour composition: 
EMLt ::  







Ij, Nord (ii) introduced the idea of temperature or thermal 
efficiency which may be defined as follows: 
,— ;___;+ 
rv p - n . 	n+1 
(2.6) 
Similarly liquid phase thermal efficiency was expressed as: 
______ 
- tn._,I (2,7) 
5. Hausen (12) has critlelsed the Wupphree plate efficiency on 
the ground that two different numbers R, and Z are employed 
to describe the performance of a plate and maintains that 
there should be one unique number or plate efficiency to 
express the performance of the plate. He put forward an 
arbitrary concept of a plate in which liquid and vapour 
contact each other in a cocurrent manner. This assumption 
does not allow the plate efficiency to exceed 1O under any 
circumstances. He assumed that molar flow rates through 
the plate are identical and the two phases are saturated. 
6. Standart (13) evolved a new approach for the concept of 
plate efficiency, 	It is well known that Murphree 
efficiencies EMV and EML are not equal unless 	= 1. He 
also disapproves of the Murphree concept of plate efficiency 
(114), and does not like to assess the plate performance by two 
unequal numbers. The basic idea of his approach is that he 
compares the total change of the property of a phase across the 
plate to the change occurring across the equilibrium plate. 
He defines the plate efficiencies in the following manner: 
Ev 
= 	- vn+
i v ff -V n n+1 
EL = 	- 	 (2,12) 
LnR - L..j 
The material balance on a plate can be expressed by the 
following equations: 
V1 + In = Vn  + Ln = 	+  
For a particular 
Vfl+j Yn+i + L_1 X_1 	Vn Y + L X = 
Vi Y y + L31 	w 	 (2.14) 
V +1 H1 + ]Jj h..,1 - 	= 	H + L h = 
V 	+ 	 (2.15) 
Plate efficiency for a component (i) may be expressed as: 
7 
(1) 	
- 	(Yf)i 	 (2.16) 
v (Y i - V +1 (+) I 
Lfl (.X fl)1 - L_ 1 (X 	1)j 	
(2.17) 
LZ (x') 	L 1 
This definition is fairly complicated and has not yet become 
Popular" 
7* Free and Rutchisrn (14) put forward the definition of 
exponential efficiency wMch may be cx 'reced as: 
(L 
(Yji 	- 	ii 
(2.18) 
The authors claim that there was an advantage in using 
the exponential definition for the two stages for which 
0,5 are exactly equal to one for which 	1.0 9 
providedct ,ij is not aub3eoted to fluctuations in the range 
considered* 
The exponents of this definition seem to be anxious to 
evolve a unique number to define plate efficiency for a 
multi-component system. The M'phree definition yields P-I 
values for the plate efficiency in a uilti-component system 
consisting of P components. The present definition offers a 
better prospectus. This definition will yield one value to 
represent plate efficiency if it is assumed that aij and 
remain constant on each plate. 
8. Lewis (15) envisaged the existence of concentration 
gradients on a plate and introduced the concept of point 
efficiency Irj which is defined in the same way as the y 
but It is applicable only to a point on the plate. If the 
liquid on the plate is aompletely'ixad, the two efficiencies 
8 




Gereter et *1 (16) have dealt with the ease where the 
liquid on the plate to partially mixed. The authors assume 
that the rate or mixing of a component is proportional to Its 
concentration gradient. They plotted XkVISIOG versus m 
with Peolet zvznfter as a parameter. 
Chilton and Colburn (17) and Colburn (18) pointed out 
the advantages or transfer ;ni.to in correlating the 
performance of distillation plates. 
w Symbols have the same meaning as given In the Nomenclature, 
VAPOUR 




type 24 cape 
per plate 
20 Shell 011 CO. 
(1965) 
Air Water Acetone 
1.2 Ft./sc. Benzene cyclo-
hexane 
Benzene n-heptan€ 
(c) M.C.H. - toluene 
Sieve plate 
C 0 :Lumn 
21 Bainbridge & 
Sawl stowski 
TABLE A - LITERATURE SURVEY 
QUID SEAL1 
OR 	 PLATE 
SUBMERGENCE 	SPACING DIAMETER 





- I 	 - I Metre 38-48% Composition had a considerable 
influence on plate efficiency 
0.75 In. 18 In. 9 	In. 55-80% Composition had marked effect 
app. on plate efficiency. 
143-79% Composition range 5 Mole - 
app. 99.5 M. % of M.V.C. 	in all 
40-65% cases. 
app. 
0 Cm. - 2.75 Cm. 60-98% Composition affected the plate 
0.16 " efficiencies in all systems. 
1.27 	" 	 . Efficiency was low in the low 
2.54 " concentration range and 
maximum in the middle range. 
Composition range 0.5-99 M.%. 
I Cm. 	to - 24 	Ifl, a 	70-85% Effect of composition on 
6 Cm.  50-82% dilute solution is expressed. 
c 	55-80% I bd) 60-75% 
25 m.m. 200 mom.  300 rn.m. 70% No effect of composition on 
plate efficiency in the range 
92-100 M.% benzene and 0-24 
M.% benzene. 




Fischer & 'llolf 
Sieve plate 
Hole dia. 






caps, 56 mom. 
diameter cap 
24 slots per 
cap. Slot 
size 3 x 16 
memo 
38 bubble ca 
plate column 
Height of ca 
30 mom.  Cap 
diameter 50 
mom. 18 Slot 
per cap. Sb 









0.3 to 1.0 
M/sc. 
Benzene - E.D.C. 
- ---- - - - -- 	 __ 
EFFECT OF VAPOUR EFFECT OF LIQUID EFFECT OF REFLUX 




The effect Is 
small. 






69 - 77% 
Very little 
effect on plate 
efficiency. 
REMARKS 
Concentration of acetone 
was in parts per million 
range. 	Analysis by 
lodometric method. 
A shorter communication 
I 
 was published, therefore 
details are not available 
(i) Analysis by thermal 
conductivity. 
(2) At 0 Cm. Liquid Seal 
E = 60% and 85% at 
2.54 Cm. Seal. 
Analysis: 
By density method. 
Not given. 
By boiling point 
method. 
Analysis by Dekameter by 
measuring the dielectric 
constant. 
(a) 02 - N2 
(b)A-N2 




a Methanol - water 
b acetone - water 
C T.C.E. 	- toluene 
d benzene - toluene 














from I to 6 cm. 
27 Ellis & 
Shelton 
28 Ellis & 
Bennet 










Hole dia. 1.1 




83 holes 3/16 
In. dia. 
Free area 8% 
of column area. 















Methanol - Water 
a Methanol - water 
b Ethanol - water 
C Water - acetic 
acid 
M.C.H. - Toluene 
In all cases 
plate efficiency 
is affected by 
vapour velocity. 
In all cases 
plate efficienc-
ies were lowered 
with increase in 
vapour velocity 
at the same 
com pnsi ti nfl. 
Other things being 
equal plate 
efficiency was 
enhanced as the 
liquid seal was 
increased. At 
twn nnl ntg 
efficiencies are 
identical for - 
and I In. liquid 
seals. 
20-70% ethanol - water 
mixture investigated. 
Plate efficiency was 
enhanced as the vapour 
velocity was increased, 
reached a maximum value 
then dropped as the 
vapour velocity was 
very high. 
At Lj. M.,% N2 Linde (53) 
obtained a plate 
efficiency of 707o 
while the author 
measured plate 
efficiency of 240%. At 
r - llrnilrl 	 -fh. 
max irnurnefficiency was 
78%. 













a 10-98 M.% M.V.C. 
b 0.5-824 	'I 
C 0.5-99.6 'I 
Plate efficiency is 
higher for positive 
systems and lower for 
negative systems. 
Analysis by R.I. 
25-35 in.m. 	155 m.m. 2400 m.m. 	60-70% for  (24) 	Composition affected plate 
efficiency. 	Ethanol- 
water investigated only. 
0, 	0.5, 	1.0 - - 30-100% Composition profoundly 
In. influenced the plate 
efficiency. 	At 20 M.% 
nitrogen, plate efficiency 
was maximum. 
1.25 	In. 12 	In. Li. 	In. 80% Plate efficiency 
independent of composition. 
. Composition range 24.5 M.% - 
95 M.% methanol (approx.) 
11 	m.m. 30 m.m. 29 m.m. a 	71-100% Composition affected plate 
b 59.24-101% efficiency. 
C 	36.5-56.7% 
0.25 In. 9 In. 6 In. 245-61% Variation of efficiency 
small (242-245%) 	as the 
composition changed from 
2.5-2481- of more volatile 
Component. 
REFERENCE 
10 	 TABLE A (Contd.) - LITERATURE SURVEY 
VAPOUR 	LIQUID SEAL 	PTE I COLUMN I 	PLATE 	I 	EFFECT OF 
SYSTEM STUDIED 	PLATE DETAILS 	FLOW j 	OR 	SPACING DIAMETER 	EFFICIENCY 	] COMPOSITION ON RATE 	 SUBMERGENCE 	 I 	 I 	 PLATE EPPICIENCY 
EFFECT OF VAPOUR 
FLOW RATE ON 
PLATE EFFICIENCY 




FFECT OF REFLUX 
RATIO ON 
LATE EFFIC IENCY 
REMARKS 
117 Kirschbaum I Benzene - toluene 
2 Water - n-butanol 
3 Benzene - E.D.C. 
14 Ethanol - water 
Sieve plate 
1400 m.m. dia. 
Free area 12.8% 

















(i) Analysis by 
chemical method for over 
1-2% water. 
( 2) Samples were 
analysed by Fischer's 
reagent for less than 
1-2% water. 
Reflux ratio had 
little effect on 
plate efficiency. 
Rflux ratios 
were 0.14, 0.6, 
100 and oo 
At low vapour 
velocities, plat 
efficiency is 
high at higher 
weir heights. 
At 1.65 M/sc. vapour 
velocity, there is no 
difference between plate 
efficiencies at 
different weir heights. 
The entire range of 
composition was explored 
except in the case of 
water and acetic acid 
where 55 -100 M.% water 
range was studied. 
Analysis by R.I. except 
water - acetic acid and 
acetone - water where 
chemical methods of 
analysis were used. 
Increase in weir 
height increased 
plate efficiency. 
Analysis by R.I. 
TABLE A (Qontd.) - LITERATURE SURVEY 
. 	 VAPOUR 	 LIQUID SEAL 	PLATE 	COIMIM 	 PTE 	 EFFECT OF 	 EFFECT OF VAPOUR 
RATE 	 SUBMERGENCE SPACING DIATER EFFICIENCY 	 EFFICIENCY 	 PTE EFFICIENCY 
SYSTEM STUDIED 	PLATE DETAILS 	FLOW OR COMPOSITION ON FLOW RATE ON 
Ammonia 	water Sieve plate 810, j In. - 3 In. 	 15-8 Composition has marked Efficiency higher 
column, 1220 p effect on plate for vapour flow 
hole dia. 1630 
lb./ft 2 
eeflciency. Composition rate of 570 than 
In., range 16-100 wt.% for 480 lb./ft 2 . 
perforations hr. ammonia. hr. 
6.8% of plate 
area, single 
plate. 
Ethanol - water Sieve plate 0.2-1.7 Op 	10, 	20 20 cm. 750 m,m. 	76-94% Strong effect of Plate efficiency 
and bubble Ms/sc. m.m. 	on sieve composition on plate dropped at higher 
caps were used plates. 	30, efficiency. Plate vapour velocities 
104 caps/plate 20, 	10, 	0, 	5 efficiency is maximum 
Cap dia. 38 m.rn. 	on bubble at 	40-60 M.% of 
m.m. Free area cap plate. ethanol. 
10.12% of 
column area 
Hole dia. 	1- 
3.5 m.m. Hole - 
spacing 7 m.m. 
CH2 012 and Bubble cap tray F factor 2.25 In. 18 In. 5.5 Ft. 	81-90% Composition had 
C2H4 C12 60 trays,  3 In, 0.92 - practically no effect 
dia. bubble cap 1.31 on plate efficiency. 
(a 	Acetone - water Bubble cap t 	e F factor In. 18 In. 7.5 x 17.5 	a 	LO-8o% Composition affected Vapour velocity 
(b Ethanol-water 9 bubble cap/ 0.57 In. 	rect. 30-80% plate efficiency. constant (F 
Acetone - plate. Slot c 	60-80% 
Ifl 
factor 0.57) 
benzene area 0.171 	Sq. 65-8O 
Acetone - Ft. e 	50-70% 





0, 	:, 6 In. 1.83 In. 	48-60% - 
and I In. Efficiency 
n-octane—toluene Sieve plate 0.55- .-.- 	 I increased as column, 5 14 Ft./ vapour rate was 
plates, hole Be. increased and 
dia. 1/16 In. attained a 
constant value, 
. then dropped as 
vapour velocity 














33 Urnholtz & 
Mathew van 
'N I nkle 
314 Sellers & Augood 
35 Oliver & Watson 
H2 and HD 
Oxygen Isotopes 
Oi 018 / 01b 
0 
(C) N2-02 




slots per cap 
slot size 4.5 
x 1.3 mm. 
Bubble cap 


























3 plate bubble 
cap column, 10 
caps/plate, 
slot area 10% 
of column area 






38 Smith & Kelm 	(a) cC]. - benzene 8 plate glass 
(b) M.C.H. - 	bubble cap 
toluene column. Slot 




36 Wijk & Thijesen I n-heptane - M.C.H. 
EFFECT OF VAPOUR 
FLOW RATE ON 
PLATE EFFICIENCY 











vapour flow was 
increased for 
10-27 Cm./Sc. 





did not affect 
plate efficien-
cies much. 
EFFECT OF REFUJX 
RATIO ON 
PLATE EFFICIENCY 
As L/V was 
increased. from 




L/V, 1,, •- 
and were used. 
REMARKS 
Mass spectrometer was 
used for analyses. 
Acetone - water mixture 
analysed by density 
method. Benzene - 
E.D.C. by RI. 
Analysis by R.I. 
Composition range 0.4- 
99.5 M.% n-heptane 
investigated. 
Analysis by density 
method. Scatter of 
results when the ethanol 
content was low. 


















0.5 In. 6 In. 27 M.M. (a) 	and (b) No effect of composition 
50% observed despite the 
fact that concentration 
of one component is 
0.029 M.% 
1.25-2 In. 24 In. 18 In. True local Composition affected 
efficiency 60- plate efficiency in the 
100% range 5 M.% to 80 M.% 
acetone approximately. 
I 	Cm. 12 Cm. 3.8 Cm. 70-86% Marked effect of 
composition at low 
concentration of either 
component. 
0.5 In, 24 In. 17.25 In 80-100% average Plate efficiency 
80% independent of 
composition between I 
. and 70M.% ethanol. 
1,25 In. 8.25 In 6 In. (a? 	58.5% Composition had no 























( c) Acetone - 
water 
0.4 - 2 









Benzene - toluene 















243 Langdon & 	Isopropyl alcohol L plate bubble 
Keyes - water 	 cap column 
Maximum 
efficiency is 
obtained at an 








velocity had no 






Analysis by density 
method. Dilute solutjo 
of acetone were 
analysed by Messinger' 
method. 
Analysis by estimating 
the boiling point of 
the mixture. 













- 6-12 In. 2,25 In, High efficiency No effect of 
100% and over. composition. 
0.72 In. 12 In, 6 In. 50-7O In the composition 
range 10-95 M.% benzene 
composition affected the 
plate efficiency. Plate 
efficiency decreases 
with increase in benzene 
concentration. 
0.75 In. 8 In. 6 In. Maximum efficiency Composition affected 
702; at 60 M. 	of plate efficiency in all 




1.88 In. 9 In. 8 In. 10-174o. Efficiency dependent on 
composition. 
Composition range 6-890/lo 
methanol studied. 
1.19 In. 11 	In. 5 x 9 7891% Efficiency is constant 
In. at 91% in the composi- 
rect. tion range 1 8-55 M. 
ethanol, drops to 78% 
near the azeotrope. 
REFERENCE 
39 Nandi & Karim 






3 plate bubble 
cap type 
column, I cap/ 
plate, cap 
dia. 3 In. 
Methanol - water 0.5-1.1 
EFFECT OF VAPOUR 
FLOV RATE ON 
PLATE EFFICIENCY 












SYSTEM STUDIED 	PLATE DETAILS 	FLOW 
RATE 
Analysis by density or 
R. I. 




vapour flow rate 




vapour flow rate 
was high. 











L/V, 1, -, 2/3 
little effect on 
Plate efficiency. 
I plate bubble 




0.24 x 1.31 
Cm. Slot 











3 In. d.ia. 
Cap. 
145 Walter & 	Ethanol and water 
Sherwood 
46 Guñneee & 	Ethanol - water 
Baker 











EFFECT OF VAPOUR I EFFECT OF LIQUID EFFECT OF REFLUX 
FLOW RATE ON J 	SEAL OR 	I 	RATIO ON 
PLATE EFFICIENCY SUBMERGENCE ON PLATE EFFICIENCY 
PLATE EFFICIENCY 
- 	 Peflixx ratio 
affec ted plate 
effic lency. 
Efficiencies are 
higher at higher 
reflu.x ratios. 
No effect 
Plate efficiency Plate efficiency Little effect on 
increased as increased as plate efficiency. 
vapour velocity liquid seal was 
was increased, 	inc reased. 
became constant, 
then dropped as 
vapour velocity 
was very high. 
REMARKS 
Analysis by density 
method. 
Only the effect of 
vapour velocity 
reported. 
Analysis by density 
method. Below 10, 
ethanol, it was 
estimated by oxidation 
to acetic acid etc. 
Allowable vapour 
velocity = 3 Ft./sc. 
Plate efficiencies are 
comparatively high 
(ioo-iio). At high bol 
-up rates plate 
efficiency was less for 
2 In. liquid seal than 
for I In. 













1-3/16 In. 11 	In. 5 X 9 In. 10-110% Composition showed 
Rect. marked effect on plate 
efficiency, being low 
at a low and high 
concentration of ethanQl 
I 	In. - 2 In. 88-91% Not in.vestigated. 
2.5 In. 18 In. 5.5 Ft. 15-50% Composition affected 
plate 	efficiency in the 
composition range 
5-50 M.% ethanol. 
0, 	j-, 	I , 6, 	12, & 18 In, 100-120% Plate 	efficiency 
and 2 In. 18 In. independent of 
above top composition in the 
slot composition range 5-60 
M.% ethanol. 
REFERENCE SYSTEM STUDIED 
VAPOUR 
PLATE DETAILS 	FLOW 
RATE 
44 Keyes & Brman I Ethanol - water 4 plate bubble 0.2-3 cap column, 	Ft./sc. 
slot area 11.4% 
of column area. 
15 














EFFECT OF VAPOUR 
FLOW RATE ON 
PLATE EFFICIENCY 








(a) Ethanol - 
water 












(a.) Methanol - 
n-propanol 
(e) Methanol - 
isobutanol 
( f) Benzene - 
carbon-
tetrachloride 
3 plate bubble 
cap column, 24 
slots/cap, 








dia. 3.5 In. 
slot area 



















5 x 9 In. 
rect. 
80 	 Murphree plate efficiency 
73% is independent of 
composition if 
entrainment was absent. . 	
In the composition ranges 
15-96 M.% benzene and 
5-78 M.% ethanol overall 
efficiency is dependent 
on composition. 
7O 	 Composition did not 
85% affect the plate 
efficiency 
74-95% 	 Composition had no effect 
on efficiency.  
Subctantjafl 














vapour flow rate 
if entrainment 
was absent. 
Reflux ratiosof I 
and infinity were 
studied. Plate 
efficiency higher 
at Infinite than 






It has been claimed 
that entrainment is 
more pronounced in 
very rich and very 
poor solutions of 
benzene. 
dilute solutions of 
alcohol give higher 
entrainment. 
Details about the 
method of analysis are 
not available. 
Plate efficiencies are 
different for each 
system.At 1.0 Ft./cc.,, 
vapour flow rate the 
efficiencies are: 
(a 99% 	d 9 
çb 83% e 75% 
(C 981. 	f 82% 
48 Rhodes & Slachman 





1.25 In. 	6 In. 
1.5 In. 	11 In. 
108, Kirschbaum 	Ethanol - water 15 bubble cap 
109 	 I plates F facta' 0.2 - 
1.18 In. 5. 3 - 1 6.3 
In. 
15,7 In. 80-97% 	 Composition had a 








PL&TEcOI_2J 	PLATE 	 EFFECT OF I 	c0?OSITION ON 
SPACING DIAMETER EFFICIENCY 	 I PLATE EFFICIENCY 
6 In. 
REFERENCE 	I SYSTEM STUDIED 
51 Thomson A.K.C. 	IEthanol - water 
52 Carey, Griswold, (a) Ethanol - 
Lewis & McAdams 	water 
( b) Benzene - 
toluene 
57 Kirschbaum 	lEthanol - water 
PLATE DETAILS 
9 plate bubble 
cap type 
column, slot 
area 2.65 SQ. 
In. 
Bubble cap 
type, I cap/ 
tray, slot 






























60-100% 	 No effect of 
composition in the 
composition range of 
0.148-81 M.% ethanol. 
56-84% for 	 Composition affected. 
benzene - plate efficiency. 
toluene 	 Composition ran ea:  
1.6-99.5 M.% 
benzene. 
entire range for 
ethanol-water. 
High efficiencies Composition showed a 
89-128%. 	 marked effect on plate 
efficiency.  
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determined by Raoult's 
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An epitome of a literature survey in the field of 
distillation related to the present study has been presented 
in Table A. Efforts have been made to present details of 
equipment, procedures adopted and the results obtained by 
various investigators in a concise and compact manner. The 
Table deic t -i the effects of composition, of various binary 
systems, vapour flow rate, plate geometry, liquid seal and 
ref lax ratio on plate efficiency. The Table does not bring 
forth clearly how the different variables affect mass transfer 
on distillation plates. The method of presentation reveals in 
a striking manner the inherent defects in some work, 
especially as regards the influence of composition on plate 
efficiency which is seen to a great extent to be contradictory. 
This fact gave impetus to launch the present study with a view 
to accounting for this contradiction by using a better 
equipment and by applying refined techniques for the analysis 
of components. A brief critical survey of variables that 
control the mass transfer area is appended below. 
(a) Effect of C9mt,28iUon 
As stated above, the conclusions relating to this 
variable arrived at by various workers are to a large 
extent contradictory. The following authors maintain that 
plate efficiency is independent of the composition of the 
liquid on the plate:- 
No. 25, 27 9 31 9 34, 37 9 38, 479 48, 499 50. 
The following authors assert that the plate efficiency 
is affected by the composition of the liquid on the platet 
No. 20 - 23 9, 26,w 28 - 30, 32, 35 36, L 	.Li, L6, 52, 
540 57, 108-9. 
The results presented by the protagonists of this view 
can be farther classified as under: 
J. In the range of 0 15 mole of more volatile 
components, the plate efficiency increases from a low 
value progressively and then attains a n*ximum value. 
2, 15 - 85 mole . of the more volatile component range, 
the plate efficiency remains constant. 
30 5 9909 mole range of the more volatile component, 
the plate efficiency decreases once again linearly as 
the composition changes. 
Some workers maintain that an effect of composition on 
plate efficiency is only encountered at one end of 
concentration range and not at both. 
ifaselden and Thorogood (22) 9 Rroin (26) and Linde (53) 
observed that in the system nitrogen oxygen the plate 
efficiency increases sharply to a maximum value and then 
declines sharply as the composition 10 progressively 
changed. In other words, there is a maxlriwn on the 
plate efficiency versus composition plot. 
(b) 1 .1=021 qi' vanour ve1ocit2 on plate pieienc3t 
There is a concenous of opinion amongst various workers 
that the plate efficiency is substantially Independent of 
vapour flow ratee However, the efficiency results found 
at very low or very high vapour flow rates are said to 
deviate from this generalisation. All the tabulated 
results are encompassed by the following pattern:- 
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At very low vapour velocities the plate efficiency 
increases linearly in response to an increase in 
vapour velocity* 
Atmoderate vapour flow rates, the plate efficiency 
Is unaffected by increase in the vapour flow rate. 
At very high vapour flow rates the plate efficiency 
drops steadily as the vapour flow rate is increased. 
(e) ffeat of subnTence or liai4d seal on nlatp pf1eiency. 
One may intuitively speculate that the plate efficiency 
will increase as the submergence is increased, as the 
time of contact between the phases is thereby increased. 
This conclusion is borne out by the work of Carey at al 
(52) who presented their results as nuber of transfer 
unite versus submergence to give a linear relationship 
Indicating that the plate efficiency 18 proportional to 
the mibmergenee. Results published by Peavy and Baker 
(47), Brown (26), flaeelden and Thorogood (22) and 
Bakowaki (239 21) support this finding. A few extracts 
from relevant papers are presented below for further 
clarification: 
(1) Peavy and Baker (47) observed an effect of 
submergence at low vapour flow rates but little or 
no effect was observed at higher vapour flow rates. 
Brow n (26) observed a maximum plate efficiency by 
7 by back extrapolating data to zero liquid seal 
and 1OO. approximately at a liquid seal of 1 inch. 
The plate efficiencies were sometimes found to be 
Identical at j inch and 1 inch liquid seals. 
Haselden and ?horogood (22) observed that as the weir 
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height was increased from 0 9 16 cm. to 2.54 cm., the 
plate efficiency was augmented by 2—Ij. The 
authors also noticed that at zero liquid seal, the 
plate efficiency was 6 as compared to 85 at a 
liquid seal of 204 em. 
(iv) A.I.Ch.B. (31)9 This reference indicates that the 
plate efficiency was fl Dt much improved when the 
liquid seal was raised from 2 inch to 6 inch in the 
rectification of cyolo hexane n—heptene& 
In short, liquid seals ranging from no liquid seal, 
0.16 cm* to as high as 15 cm. Delaware Pinal Report 
(31) have been used by various workers With variable 
results. 
(d) Effect of g2it wicthh (bubble cap tFaYe).  or Iiemetq 
ot nertorations (sieve trio). 
Very few workers have studied this izpect of distillation. 
Carey at al (52) maintain that if the slit width of a 
bubble cap Is reduced, the interfacial area would Increase 
because of a larger bubble surface area to volume ratio 
and hence would expect higher efficiencies with smaller 
slot width or smaller diameter of perforations. Their 
experimental remilte with ethanol water system on a 
single plate column indicate that the plate efficiency 
increases when the slot width i.e reduced from j inch to 
1/16 inch. 
Results published by Kirschbaum (117) do support the 
above conclusions and indicate effect of bubble cap slot 
width or sieve tray perforation diameter on the plate 
efficiency. 
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1=201.2f retluiç,  OUR 
Chu at a]. (58) have suggested that the reflux ratio 
Influences the plate efficiency by changing the operating 
conditions on the tray. They observed, in a qualitative 
manner, the change in the degree of liquid turbulenoe (on 
the tray) which always followed a change in reflux ratio, 
The authors concluded that higher liquid flow rates always 
resulted in a fall in plate efficiency. Rhodes and 
81aohrnan (48) noted that the plate efficiency was 5 
higher at an infinite reflux ratio than at a zeflux ratio 
of one. Keyes and Byman (44) concluded that the plate 
efficiency was higher at total reflux than at other values. 
Gerster, XofThlt and Withrow (42) found that the plate 
efficiency decreased with higher rflux ratios* n3k and 
Thijesen (36) found that as I/V was increased from 0.55 to 
11 1.0, the plate efficiency varied from 65 to 86. Langdon 
and heyse (3) • Griswold and Stewart (40)0 Shilling at a] 
(37) and fiaselden and Sutherland (30) on the other hand 
found little effect of ref]ux ratio on plate efficiency. 
Effec. of Thmal ontivfl.v of  JJie plate material Mn  
plite eic1enj 
Distillation is an operation in which the mass transfer 
occurs mainly through diffusion. One may also envisage 
that beat transfer through the material of the plate plays 
a significant role. The heat transfer through the plate 
to boiling liquid on it, results in nucleate bubble 
formation. It is believed that vapour bubbles thus formed 
are in equilibrium with the liquid on the plate (59) while 
the main stream leaving the plate is not in general in 
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equilibrIun -Ith the liquid on the plate. Thus the 
conduction of heat through the plate may augment the mass 
transfer going on between the main vapour stream and the 
liquid on the plate through the process of diffusion. The 
overall result -iill be higher plate efficiency in those 
cases where the thermal conductivity of the material of 
plate is higher, and there exists a substantial temperature 
gradient hetvreeui the vapour entering the plate and the 
liqui1 on it. But the process will bring about only a 
modest increase in plate efficiency sirce the latent heat 
or evaporation of a material IS fairly higher than the 
sensible heat transferred through the plate. 
arden (60) conducted a series of experiments to test 
whether the conductivity of the material of the plate 
could enhance the mass transfer rate on the plate. He 
studied the ethanol - water system in a 9 Inch diameter 
column employing plates of cast iron, aluminium and 
vitreoall successively to achieve a wide range of 
conductivity. Prom a series of experiments, he concluded 
that plates of higher conductivity always yielded higher 
plate efficiency, 
(g) ffect of beat transfer on plate efficiency 
The vapour entering a plate at steady state is always at 
a higher temperature than the liquid on the plate. As a 
result of heat transfer between the two phases, some of the 
less volatile component will condense and more volatile 
conponent will join the vapour stream. This operation 
will augment the mass transfer which Is also taking place 
through diffusion. Smith and SawItowskI (61) tested the 
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above Jiypotheslo and were unable to provide evidenee of a 
significant effect of heat transfer on the plate 
efficiency. 
(a) Effact. 2C flntrain1nt on 2lata sfficiez 
The tysieel tns1er of Iiqdd bi the vaponr stream 
frem one plate to that above it is called sntraint. A 
mist of fine 'ropletc in the vapour apace between the 
Plates is always present. Iutiiient dminisbss the 
acuntor curi'ent action of the plate and adversely effects 
the plate efficiency when it exceeds 0.10 mole per mole of 
vapour as indicated by Oelbur'n (62) • The effect of 
entrainment has been studied by Attrtdge at sI (63), urt, 
Hanson and 1,21* (64), Haibrook and taker (65) and others 
(66, 68), but their findings are cocftned to air water and 
sir o13. systems. It to questionable whether the results 
of such stadia* can be applied to carretsl distillation 
celwmta. Hoiever, Rhoden and 3lac?fl (48) v Rwford at ii 
(68), Thomson (1) and !Iandi and Karim (39) carried out 
entrainment tnvseti,tions in the rectification of alcohol 
= rater mixtures. Theee iorkare are unanimous in 
maintaining that •ntreic*nt redacee plate efficienoy but 
there is disegreemoat about acme fctre which cause 
•ntraint* Rhodos end 8laoIn dbeerved that 
entretit was higher when the concentration of lcoho1 
In the plate liquid wee lees that 30 mole . They found 
no significant entraiseent when the alcohol concentration 
was high. Rumford øt al (68) on the contrary noticed a 
high degree of entrainment when the plate Uclilid was richer 
In alcohol. Thomson (51) also reached the cams øonoluaie 
2 
Thanifard at .1 (68) and Thomson (51) used a plate spacing 
of 6 inchec while Nandi and Karim (39) used a plate 
spacing of 6 and 12 inches. These workers, however, 
agree that higher plate spacing curtails entrainment and 
higher vapour floe rate increases entrainment. 
Colburn (62) an already mentioned, has successfully 
related the plate efficiency with entrainment in a 
qualitative manner o He presented the following 
correlations- 
Ea 	- MV.  
i+SEMV 
WV 
a 3ynols have the some meaning as given in the Nmenclatureq 
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A. 	OP RP 	 O 	P?OI11 
As already shown there is suna experimental en dense 
whish suggests that the composition of the liquid on the Plato 
exerts an influence an plat* off inionoy. Of all the physical 
properties which my be responsible, the surf ace tension sad 
viscosity have r.oeived the greatest ettentiene 	indorweg 
sad ifarmens (5) studied five binary eyst.me with a view to 
determining the role of eempooition in e etrolling the plate 
efficiency and showed that the ounpoeition had a signIficant 
effect in all aeaec. Zuiderweg: and PSrm5fl$ OO'31ZdOd In a 
qualitative manner that surface tension has cooperatively  
aach greater 1sfluenee on plate efficiency than any ether single 
property. In eider to explain the phenomanon, they c3.aseifiod 
all binary systems into the following sisasest 
Positive system.. These are systems in which the surface 
tension of the reflur liquid increases as it flows down the 
coluivi. 
lisgat lye systems. These are systems in w)4ch the surface 
tension of the r.flux decreases as It flows down the ooluimi. 
(e) sutral ystems. In this estegory, the reflux liquid 
manifests no change in surface tension as it flows down the 
•olwmt. 
Zjnderweg and flarmene observed that both the piste efflolenoy 
and foes height were imseb greeter for positive systems as 
csred with the neutral or negative aj'stens. The authors 
envisaged that when no asia or heat transfer vie oeeurrtng, the 
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interfacial area was solely dependent on the flow conditions 
of both phases. Howver, when heat and mass transfer take 
place, surface tension gradients can arise at the vapour 
liquid interface. These gradients can either stabilise the 
interface as in the case of "positive" systems or cause it to 
thin and rupture (in the case of negative systems) leading to 
high or low interfacial areas respectively. The above authors 
observed that in a ernull perforated coluzm the plate efficiency 
was of the order of 5055% for negative or neutral aysteme 
whereas for positive systems it was of the order of 90. 
Another important observation from their study was that the 
biphase consisted mainly of froth or foam in the case of a 
positive system while it resen1ed spray in the case of 
negative or neutral systems. A striking phenomenon was 
observed with the system 2, 2 9 4 trimethyl pentane-ethanol 
which føras an a.eotrope at 53 Mole % ethanol. According to 
Zuiderweg and flarmena' classification becomes surface tension 
positive if the ethanol concentration exceeds 33 Mole and 
surface tension negative when slcchol content is less than 53 
Mole . It was observed that the plate efficiency was 30ii40 
and 70% for ethanol concentration of 7 and 75 Mole 5 ethanol 
respectively. The authors expressed the opinion that high 
vapour flow rates in distillation are always conducive to the 
formation of sprays rather then foam and therefore the effeet 
of surface tension on plate efficiency under these circumstances 
was insignificant. They also concluded that the magnitude of 
the concentration driving force caste a strong influence on 
plate efficiency in the ease of surface tension positive 
mixtures due to the fact that larger driving forces result in 
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larger surface tension gradients which served to stabilise foam 
and present a larger interfacial area. 
69 
Danokwertø at al/have also stressed the importance of 
interracial tension on the overall rate of mass transfer on 
distillation plates. They believe that interfacial forces 
Influence the dynamic behaviour of the biphase, and also 
maintain that the also of bubbles, coalescence and formation of 
sprays and foams is dictated by the surface tension of the system. 
The authors also suggest that interfacial area as well as 
entrainment is affected by surface tension. They define foam 
as the retardation of the escape of bubbles brought about by a 
relatively slow rate of coalescence or bursting, The forces 
considered in this context not in the plane of interface and 
are generated in the following ways:- 
(a) Surface tension gradients caused by the transfer of low 
surface tension material to and from the surface. If the 
surface expands momentarily, the concentration of the 
material falls, resulting in a higher surface tension at 
the interface and this increase depends on the rate of 
expansion of the film and the rate of diffusion of low 
surface tension material. This operation tends to 
stabilise the tilts and thus retards the  coalescence  of 
bubbles, The effect Is enhanced if one of the components 
happens to be surface active. 
(b)'Surface tension gradients may be engendered as a result of 
ases transfer, This may be vieu.aliaed as follows:.. 
Consider two bubbles coupled together momentarily 
through a thin intervening liquid film and further imagine 
that the more volatile 000nent has the smaller surface 
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tension. As the more volatile component is transferred 
from the film to the bubble and lees volatile material in 
the reverse direction, the surface tension of the film is 
Increased as compared to the bulk of the liquid. The 
surface tension gradients set up in this manner draws the 
liquid into the interface and thus increases the film 
thiekneas, The film between the bubbles is thickened and 
coalescence Of bubbles is prevented. 
(c) fleet transfer can also play a significant role in creating 
surface tension gradients. This is brought about by heat 
transfer from the vapour bubble to the film whose 
temperature rises in comparison to the temperatures of the 
bulk of the liquid. This temperature difference lowers 
the surface tension at the interface and coalescence of 
froth is promoted. 
In this context one may assume that the viscous :'orces 
In the ljçiid will reduce the rate of drainage or filimb and 
Increase plate efficiency. However, this is not true as the 
higher viscosity of the liquid will dampen the movement of 
liquid films and thus result in lowering the interfacial area 
and plate efficiency. 
Andrers (70) has studied the zperimeutal as well as 
Theoretical aspects of the tendency of liquids to foam, the 
experimental work being carried out wider eoiLMona of no mass 
transfer. Air wee circulated through a given quantity of 
liquid on a sieve plate and the height of dispernion measured. 
From a series of experiments it was concluded that neither the 
absolute value of surtaee tension nor the viscosity of the 
liquid had any significant influence in determining the frothing 
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tendency. Andrews estimated that for aqueous mixtures of 
opionic acid, ethanol, acetic acid, formic acid and methanol 
the maximum frothing tendency occurred when 
(_) 	
(3J)2 	
is a maximum 
where  
I +x+k2x 
Maximum frothing ability was shown to occur for mixtures 
when (j) ()2 exceeds I0 dynes 2/cm. 2 and when () was of 
the order of 0.05, the frothing criterion may he simplified to 
and the author established further that appreciable 
frothing occurs when (2  exceeds IO dyne6 2/cin. 2 
Bainbridge and Sawistovrski (21) investigated the effect 
of composition on plate efictency on a 9 inch diameter sieve 
plate column and concluded that the plate efficiency was higher 
for the surface tension negative system benzene - n-heptane 
than for the strongly positive system benzene cyclohexane 
(above the azeotrope). The authors claim that these findings 
are not in reality contrary to the predictions based on 
Zulderweg and 1armeu'a theory. They maintain that Zuiderweg' a 
theory applies only to froth regime, rhile they operated the 
column in spray regime where the effect of surface tension on 
interfacial area is the reverse of that obtaining in the foam 
regime. 
Underwood, Weller and Royston (71) concluded from their-
study that the plate efficiency was affected by slot velocity 
to a different extent depending on whether the efficiency was 
measured in the spray or bubble regime. These authors claim 
that the plate efficiency decreased with increase in hole 
velocity in the CRSC of surface tension positive systems; the 
surface tension negative systems shosced comparatively a less 
prnounced effect as the slot velocity was varied. 
B. EFFECT Oii' HEAT Tfl\;FER ON PLATE EFFICL'NCY 
In a fractionating column, the vapour entering a plate 
is invariably at a higher temperature than the liquid it 
contacts on the plate. It is therefore quite logical to 
assume that some mass transfer may take place by the process 
of evaporation and condensation as the hotter vapour stream 
contacts the comparatively cold liquid stream. This prompted 
Kirschbaum (55) to put forward the hypothesis of thermal 
distillation. He stressed the importance of the role of 
temperature difference between the vapour and liquid in addition 
to the diffusion mechanism. However, his hypothesis was not 
generally accepted and later on he himself abandoned this 
approach suggesting that mass transfer rate could be calculated 
either on the basis of concentration or temperature differences. 
Smith and Sawietowaki (61) and later Danckwerts, Sawistowaki and 
Smith (69) stressed the Importance of vertical temperature 
gradients in distillation columns leading to thermal distillation. 
This may be explained briefly in the following manner: 
The dew point of vapour is always higher than the 
boiling point of the liquid. As a result of this temperature 
difference, heat is transferred from the vapour to the liquid 
at the interface with the result that the more volatile 
component evaporates from the liquid and less volatile matter 
condenses from the vapour. This heat transfer brings about 
the mass transfer between the phases in addition to the mass 
transfer brought about by diffusion mechanism. The 
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relationship between thermal distillation and diffusional mass 
transfer is complex. 
It is worth noting here that thermal distillation 
augments diffusional mass transfer and accelerates the 
approach to equilibrium with respect to concentration and 
temperature. Therefore it is essentially oaptble of 
increasing the plate efficiency over and above the values 
expected from the diffuelonal model. It is interesting to 
note that the thermal distillation effect will be magnified 
when the relative volatility is high. 
But, H. Saw-istoweki and A. Theobald (72) attempted to 
investigate the mechanism of thermal distillation. They 
superheated the vapour by Li °C before its entry Into the plate 
and thus tried to increase the contribution made by thermal 
distillation to mass transfer. Three binary mixtures, 
benzene cyolohexane, methyl cyclohexane - toluene and 
benzene n—heptane were studied In a 9 inch diameter sieve 
plate column but the results accruing from the study 
indicated that superheating the vapour had negligible effect 
on plate efficiency. 
Prank (73) and Schulte Vieting (714) observed that 
superheating and supercooling of the liquid did not 
appreciably affect the plate efficiency. 
Smith and Liang (75) concluded from their study of heat 
transfer effects in a wetted wall column that the low plate 
efficiency observed with dilute solutions cannot be 
satisfactorily explained by thermal distillation effects. The 
findings of Stern, Deshpande and Murdoch (76) seem to support 
the theory that the plate efficiency followed the same trend 
32 
as the temperature difference between the two phases. 
It may be concluded that the thermal distillation may 
effect mass transfer rate to some extent but there exists no 
substantial evidence to support or invalidate the hypothesis. 
c• &s TRAi 
I. Thitn (77) put forward his well known theory in order to 
explain the rate of mass traucfer between two phases as 
encounterel in his study of absorption of gsee into liq4tS, 
He contemplated the exstonce of two thin 't1ms between the 
two bulk phases of gee and liquid. T ---:e vriaue postulates of 
the theory may be owanarised as under-
(a) 	Two imaginary thin flms of gas 5flL liquid exist in 
between the beterogenous phases of gas nri liquid in 
contact with their respective fliaila. 
(b) 	The film offe'e high reciztanoe to the diffuz..ing streams. 
(e) 	The interface between the two films was assumed to 
offer no resistance to the mass transfer process. 
(ci) The two films may orfer vastly different resistances to 
the diffusing streams so that even one of the films ma: 
offer a negligible resistance. 
(e) 	The resistances ' 4'fered by the t!1in film are acuied to 
be additives 
(r) 	The rate of mass trnefer of a component from one phase 
to the other is proportional to the difference in its 
concentration or partial pressure between the hulk 
phase end the interface. 
(g) 	The quantity of a transferring component in the region 
near the phase bound-miry is assumed to be negligible. 
If these conditions are reasonably valid the rate of 
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mane transfer per unit area (Ph) may be represented by the 
familiar steady state rate equations, where the constants of 
proportionality are known as mass transfer coefficient k or 
Ic0 and are analogous to ciduetsnee. 
di / d & - W, • kP ( r'2) - Ic0 
1titmaa visualised that mass transfer occurred through 
these films by a process of diffusion, a process similar to 
conduction In heat transfer, no that the rate of mass tranzfer 
of a oonent within * phase in proportional to the 
concentration difference between the bulk phase and the 
interface and to the moloou1r diffusivity. 
2. fligbia (7) and Dnnckwertu (79) propoued a modification to 
the fi1i theory; theme authors essentially agree with the 
additivity of resistances but suggest cap1etely different 
mechanism for mass transfer, ffigbie envisaged that the main 
process of mass transfer necessitated the motion flf turbulent 
eddie frov7 the core of the fluid to the interfiec, rollowed 
by a short interval of unsteady state molecular diffusion from 
the interface to the fluid, 3uch eddies are then asawned to 
be replaced by fresh ones. 	!igbie further postulated that 
all eddies arriving at the interface from the bulk of the 
fluid were exposed at the interface for the ea* period or 
time. He derived the following expression for the mass 
trancfer coefficient (.?9 : - 
/Th (.2) II • 	__ 
Dasekwerte suggested a modification to Rigble'a 
penetration or surface renewal theory by proposing that the 
time of exposure of various surface elements were not the same  
and assumed that the probability of replacing the eurfoe at 
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any point in the interface was Independent of the age of the 
element. He derived the following expression for the 
coefficient of mass transfer (K), 
where S = fractional rate of renewal of surface. 
3. Poor and Marchello (30) proposed a modification to the 
assumed mechanism of mass transfer In the peneraton theory 
and advocated that the film and surface renewal theories are 
In fact the limiting oases for more general theory which can 
be presented as under:- 
'4 	1 + 2 	1exp -n2L2 	 (14) P.
and 	N1 /c 	+ 2 f1exp 
_n22  D 	
(4.4) 
If a large number of terms are included in the above equations 
(13,3) and (14.11) 9 the calculated values of N 1 or coefficient of 
mass transfer for (14,3), (13,13) are found to be equal, the value 
of & 18 a cardinal factor for dictating the choice of 
equation (14,3) or (14914). 	If Q Is small, equation (14.3) is 
applied otherwise (14.13) is preferred. 
The application of the foregoing equations In actual 
mass transfer operations is seriously handicapped by the 
indeterminacy of the fluid film thickness or rate of surface 
renewal. Duo to the complexity of vapour / liquid Interaction 
processes these theories are limited in their scope. However, 
they point out the form of relationship between the mass 
transfer coefficient and diffusional properties of fluids. 
Whichever theory is used the principle of the 
additivity of resistances is as follows:- 
= 	+ 	in.. 
KOG 	kg 	kL 
(L.5) 
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where m is the slope of the equilibrium curve. This 18 
strictly done only when the eauilibrium curve is straight 
but we may apply it in distillation calculations when considering 
a small range of concentrations. 
Symbols have the same meaning as given in the Nomenclature. 
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CHAPTER V 
THEORETICAL PREDICTION OF PLATE EFFICIENCY 
I 	The problem of prediction of plate efficiency has been 
dealt with by many workers but Geddes (i) made the first 
systematic attempt to predict plate efficiency starting from 
fundamentals.. His method Is presented below: 
He started from the fundamental equation of mass transfer 
derived by Murphree (io). 
in (1-EOG) = 	
- Ky A.t 
(5.1) 
or EOG 	= 	I 	- OG A.t (5.2) 
e 	VB 
The equation (5.1) 	Is derived on the assumption that 
 Vapour is in plug flow. 
 There are no vertical concentration gradients In the 
liquid. 
 Composition of vapour in equilibrium with liquid is 
constant. 
 ROG A 	remains constant. 
VB 
Because of the imposed restrictions, the equation (5.1) 
applies to a small area of the plate and E00 is called the 
point efficiency. 	Geddes assumed that: 
The bubbles of vapour or gas passing through the liquid 
were spherical so that A/VB = constant. 
The bubbles rose freely through the liquid as single 
separate bubbles and did not coalesce. 
Gas circulation within a bubble was absent. 
(Li.) 	Molar diffusivity was assumed to control the rate of 
mass transfer. 
Substituting the value of A/yB into the equation (5.2), 
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EOG = 1-e 
	____ 	
(5.3) 
Eauation (5.3) indicates that plate efficiency is a 
function of KQG,t and DB. 	Kryj, is dependent on kg and kL. 
Consequently Geddes focussed his attention on these variables 
to evaluate E00: 
(i.) 	Bubble Radius 
The bubble radius was assessed by assuming that as the 
bubble was formed at a slow rate, at the moment of 
formation the buoyancy forces on the bubble just 
balance the surface tension forced on it. 	Therefore 
for a round orifice, 
I 
3 	
T rb 	(L - f) = 2 rO 	(5.4) 
rb = 	1.114 (r0 () 
)113 	() 
 PV rL -
For a rectangular slot on a bubble cap 
rb =O.78 	
(G'(h5 + w) 	1/3 	 (5.6) 
Time of contact 
Geddes invoked Gosline and O'Brien's equation (81) 
to estimate the velocity of rise of bubbles in a 
liquid. 	The effect of viscosity is insignificant 
particularly for distillation where it is approximately 
0.5 centipoise. 
Therefore the equation is reduced to 
= 4 rbO-37 	 () 
Estimation of K 
The overall mass transfer coefficient is dependent on 
the individual gas film mass transfer coefficient 
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and kL, the individual liquid film mass transfer 
coefficient. 	Geddes related the three by the 
following equation: 
	
= 	+ =1__. 	 () KOG. 	kg 	RkL 
where R = 0 .732 H. T. 
He used Barrer' equation (82) for the solution of 
diffusion equation Q 	D 	 (5.10) 
Barrer solved the equation by assuming that:- 
The bubbles were spherical and maintained 
constant size. 
Gas circulation within the bubble was absent. 
Concentration of liquid at the interface remained 
constant throughout the life of the bubble. 
N1 = number of moles diffused in time t 
= (C0 - c1) ? (1 	f 	2 _j e_  n 
out of sphere per unit area. 
From material balance 
24 11' rb 2NI = 	r 3 (C0 - Cf) 	(5.12) 
N1 =rb(Co - Cf) 	 (5.13) 
.3 
substituting the value of N 1 from equation (5.13) in 
equation (s.ii). 	
- 2 2 





C0 - C 	
00 
o - Cl= 	
- 	
e - D 
C 	
i7
ri h1 	 (5.15) 
But C0 - Cf = Murpliree point efficiency if the liquid 
Co - C I 
phase resistance is negligible. 
- 	,j2 	 (5.16) BOG =l 	6 - _i  
	
,Y2 	1_2 	e 
h, I 
= and 	-E0=6 	I 	- 	t 	(5.17)  e 
71=1 
n 
The value of F can be evaluated graphically. 
= -Tb 	in 	 (5.18) g 	3t 
kg can be easily computed from equation (5.18) as 
already explained 
rb = 1 . 114 rro 9(4j -vJ  
and t= 	h 
4rbO.37 
(iv) 	Geddes applied Higbie'e equation (78) to calculate the 
value of kL as shown below: 
- 	 * 	I 




= 1.13 {iE 1 	 (5.19) 
te 
te = time of contact = time required for a gas bubble to 
travel a distance equal to its diameter. 
te = 	= 	0.5 rb° " 63 	(5. 20) 
He successfully applied the procedure to predict the 
local plate efficiency and found values which agreed 
closely with experimentally determined values reported 
1.4.0 
by Carey et a]. (52) and Keyes and Byman (4a4). 	Geddes 
0, pp. 91.4.) questions the reported effect of 
composition on plate efficiency and applied his method 
to predict the value of plate efficiency at low 
concentration of ethanol in the system ethanol - water 
and assessed that the Murphree plate efficiencies at 
54 and 2 mole % ethanol were 99 and 95 respectively. 
It has been suggested by West et al (96) that the 
excellent predictionBof Geddes were due to fortuitous 
cancellation of errors resulting from certain 
assumptions he made:- 
The bubbles were assumed to be spherical in shape 
whereas Jackson and Ceagleske (83) have reported that 
the bubbles from slots were not at all spherical but 
flat or dish shaped at the base but wrinkled at the 
upper surface. 
Davidson and Amick (84) observed that Geddes 
equation "b = 0.78 	(_G'(s + w))1/3 
L - F'v) 
gave bubble radius only 113 of the size found in their 
work under the same conditions. 
Hornbeck, D. (85) and Meredith, R.G. (86) have 
demonstrated that bubbles formed from single round 
orifices increased greatly in size with increasing 
gas velocity. 
Gerster, Koffolt and Withrow (87) measured plate 
efficiencies in an extractive distillation column and 
obser'ed that the Geddes correlations exhibited a poor 
agreement with experimental plate efficiencies. 
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(e) The bubbles pass through the dispersions not as 
single separate bubbles but as a chain of bubbles as 
observed by Calderbank (14) and Spells and Bokoweki 
(2, 3). 
II 	Spells and Bakowski (2, 3) observed with a cine camera 
the bubbling phenomenon from the slot of a bubble cap 
on a distillation plate and concluded that vapour leaked 
from the slot forming a channel linking a slot of a 
bubble cap with the surface of the liquid. 	Inspired 
by these observations, they put forward the view that 
vapour traversed the liquid on the plate as a chain of 
bubbles almost In contact with each other. 	It was 
further conceived that these channels were of irregular 
and intricate shape but the diameter of a channel was 
approximately equal to the diameter of a bubble. 	On 
the basis of these observations, Bakowski (103) 
proposed the following model for the mass transfer rate 
in sieve or bubble cap plate. 
The vapour and liquid contacted each other through 
channel of irregular shape and interfacial area was 
proportional to the length of the channel. 
The mass transfer rate from this model was the same 
as may be observed with a wetted wall column. 
He made the following assumptions in order to predict 
the plate efficiency from this model: 
(i) The channel length is proportional to the 
submergence of slots. 
(2) The average cross sectional area of the channel 
remains constant over normal vapour rates and slot 
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spacings. 
(3) The rate of mass transfer was governed by the 
resistance of gas film. 
(LL) The overall gas phase mass transfer coefficient 
was proportional to 	I 
J MT0 
His correlations are appended here: 
0.5 	 (I; 
log10 	i 	 0.34 h1 T0 




The authors (23, 24) modified the above correlation in 
order to incorporate the resistance of the liquid phase 
and proposed the following equation to predict the 
plate efficiency: 
EMV= 	 I 
I + 3.7kM 
h1 1L  T0 
(5.22) 






The author claims that the validity and applicability 
of these correlations were checked with experimental 
results in a satisfactory manner. 	The author 
emphasises that correlations were derived on the 
assumption that rate of mass transfer between the phases 
depends on: 
The molar concentration of more volatile components 
in the liquid phase. 
The rate of surface renewal which was again 
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proportional to the vapour flow rate. 




As previously discussed, the plate efficiency is a 
function of individual gas and liquid phase mass transfer 
coefficients, the interfacial area and the time of 
contact. 	In order to evaluate these variables, 
Calderbank put forward a model of liquid / vapour 
contacting which proposes that bubbles move vertically 
upwards virtually in contact with each other. 	He 
assumed that the bubbles were spherical and could 
coalesce resulting in the formation of foam or froth. 
This model is hybrid between the models suggested by 
Geddes (i) and Bakowskl (23, 24). 	It is implicitly 
understood that bubbles of different diameters could 
exist in a dispersion on a plate. 	He attempted to 
assess the important variables in this manner: 
Calderbank, Evans and Rennie (6) developed a light 
reflectivity technique for measuring the interfacial 
area In transparent dispersions. 
An accurate method was developed for measuring the 
density of dispersion on a plate by means of a garima 
ray transmission technique. 	Prior to this, workers 
measured the foam density only approximately through 
visual observations. 
Calderbank and Rennie (7) applied photographic 
technique to observe In a dispersion formed by 
aerating water on a sieve plate. 	A statistical 
technique was used to analyse the photographs of 
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dispersions and thus a Sauter mean bubble diameter 
was measured. 	The relationship between gas hold up, 
interfacial area and Sauter mean bubble diameter is 
appended here: 
DBM = 6H. 
a0 
5.2Li.) 
(d) Calderbank and Moo Young (88) investigated the 
mass transfer phenomenon from desorption of oxygen and 
carbon dioxide from aerated liquids. 	It was observed 
that neither the gas and liquid flow rates nor sieve plate 
geometry in any way affected the liquid phase mass 
transfer coefficient. 	These findings revealed that the 
liquid phase mass transfer coefficient was dependent on 
_2/3 
the diffusion coefficient of the solute, i.e. kL 1 = DL 
It was also observed that the value of kL closely agreed 
with the value of kL1 obtained for rigid spheres. 	It 
was surmised from this that despite the fact that the 
bubble diameters were larger than 0.25 cm., they did not 
oscillate. 	Probably their close proximity to one 
another precluded the possibility of oscillations. 
The following correlations were established for the 
estimation of kL1/and  the interfacial area (so): 
kL 1 (SC)L 
2/3 = 
0. 25 ( A P 
)1/3( 2 g 	113 
_ 	
C 
 ) 	 ( 5.25) 
and a0 = 0.38 g,)0-775 (V3 FL 	
0.125 	0.333 
(IL 
(A . D) 	ED0 (5.26) 
(e) Cald.erbank (Li) studied the bubble phenomena on a 
sieve plate and measured the bubble frequency with a 
strobotac. 	It was concluded that as the gas flow rate 
approached values normally used in distillation columns, 
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the bubbling frequency became constant at about 20 
bubbles / Sc. The bubble frequency remained 
unaffected by an increase in the flow rate. Assuming 
that the bubbles were spherical and in contact with 
each other, the following correlation for interfacial 
area per foot of foam was established:- 
a1 = 1245 ~Fwff3 	N 	 (5.27) N0 0 
(1') Calderbank (89) observed the dispersion produced on 
a sieve plate was similar to the one generated in a 
mixing vessel by mechanical agitation. 	He put forward 
the following correlation for interfacial area:- 
0.24 - 0.2 0.5 a = 230 	/ v) 	(Pc) 	V8 	(5.28) 
0.6 
	
0.24 - 	 0.2 
or a0 = 1.L4 	P /v) 	-- (Cc) ~ 7vs ~O- ' 	(5.29) 
0.6 	V 
These correlations could be applied to a dispersion on 
a plate if 	was taken as the flow work of the gas 
(P / V = V8 
. 	
. g) in expanding through the plate. 
This, however, was not applicable when the ratio of 
viscous forces to surface tension was high. 
(g) Calderbank and Moo Young (88) assumed the usual 
relationship between Reynolds, Sherwood and Schmidt 
numbers and established the following relationship: 
kL DBM - 1/3 	1/6 	2/3 Y 
(P/v) 	DBM 	
(5.30) 
- 	 1/2 
DL 	L DL 
In order to satisfy the experimental fact that: 
- 2/3 
kL1 	(DL) 
_________ ________ ________ 	•:: :: 
a 










(a) CHU'S MODEL (b) GEDDE'S MODEL 
(c) CALDERBANK'S MODEL (ci) 	BAKOWSKI'S MODEL 
FIG. A 	MODELS OF GAS LIQUID CONTACTING ON 
PLATES PUT FORWARD BY VARIOUS AUTHORS 
IV 
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and kLj 	f DBM  
it is necessary that X = 113 and Y = 3/2 
Therefore the above expression becomes: 
- 	1/3 kL DBM 
, 	? 	Pc) 
1/3 (p 
	
1/6 	2/3 3/2 
	
/v) 	D 
DL 	 DL) I 1/2 (5.1) 
kL1(L)2/3 (P/v)h/)4 p)5/12ç )1/6 	(5.32) IC 
Ju Chin Chu et al (90) tackled the problem of 
predicting plate efficiency on a principle different 
from that of Geddes. They also invoked the Murphree 
equation (2.2) for the assessment of plate efficiency 
and proposed the following model for vapour - liquid 
contacting: 
(1) The bubbles passing the liquid were spherical so 
that the ratio of volume of bubbles to their 
surface area was equal to DpJ6. 
(ii) The spherical bubbles emanated from orifices or 
slots in contact with each other till they escaped 
from the surface of the liquid. 	In this way, a 
chain of bubbles linked the orifice with the 
surface of the liquid as shown in Fig. A. 	Their 
technique for the assessment of overall mass 
transfer coefficient, time of contact and bubble 
diameter is appended here: 
(a) Estimation of bubble diameter 
These workers applied Van Krevelen and Hoftljzer's 
(91) expansion group (N ex),(1 DB 	19,)) 
(V a2 • _) 
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a dimensionless group for the estimation of bubble 
diameters. 	It is well established that for 
streamline flow. 
Nex = 18/Re 
Hence it was found that in the streamline region 
	
= 0.01545 çV
1  TR 'L 	 ( 5-34 ) 
13 (ñ - f'v) 
In the turbulent region 	 (5.35) 
(V1  TR2PL 	
1/5 
DB = 0.0248 	(p)2 (L 
- 
Estimation of time of contact between the DhseS: 
The ascending vapour velocity for bubbles formed In 
series has been found to be Independent of the 
orifice diameter. 	Its value was assessed to be: 
1/2 
v = (g1 	) 	 (5.36) a 	2 
Time of contact
= 	
2h 	 (537) (g1 DB ) 1 /2 
Estimation of kgj and kL2 
These authors invoked Chilton and Colburn's analogy 
(17) between heat and mass transfer to determine the 
gas and liquid phase mass transfer coefficients. 
Their correlations are presented below: 
(5.38) 









= 0.023 Va 
(DB Va fL /L)02 	L 
2/3 
L Dj 
The value of DG to be used in the correlation may be 
ME 
determined from the intermolecular potential 
energy either by the application of general theory 
developed by Chapman and Cowling (92) or from 
specific form of intermolecular potential energy 
developed by Hirschfelder, Bird and Spotz (93). 
The experimental value of liquid phase diffusivity 
is used in evaluating Schmidt number wherever it is 
available in the literature. 	Wilke (914) has 
developed a method for estimating diffusion 
coefficient based on the relationship suggested by 
the theory of absolute reaction rates and Stokes 
Einstein equation: 
DL = 3.884TR 
F1 PL 
(5-40) 
Chu et al applied the principle of additivity of 
liquid phase and vapour phase resistances for 
evaluating the overall mass transfer coefficient: 
__.i_. 	- 	 m + 
KOG kgj 	kL2 	
(5.141) 
Quigley, Johnson and Harris (95) studied the size 
and mass transfer characteristics of bubbles formed 
on a sieve tray. 	They used a system where liquid 
phase resistance was controlling. 	They have 
published the following correlation for the 
estimation of bubble diameters: 
DB 	
0.33 	0.125 	0.02 	 1.09 	-14 
= 0.222 D2 	 ( L.j) 	+ 3.02 QG 	10 
(5.142) 
The second term may be ignored for normal flow rates 
on a sieve tray with inch diameter perforations. 
(1) 
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They also established equations relating the gas 
hold up and velocity of rise of bubbles to gas flow 
rates: 	
0.16 
Va = 4.1. 10 	QG 	
(5.143) 
-14. 	0.814 
Hg = 2.1414 • 10 Qa. (5.1414) 
It is apparent from these equations that the gas 
hold up in the dispersion is not affected by the 
viscosity and density of the liquid and diameter of 
the orifice at a constant gas flow rate. 	The 
experimental results show that the velocity of 
rising bubbles is about three times velocity 
measured by O'Brien and Gosline (81) without cross 
flow of the liquid. 	The effect is ascribed to 
bubble chain interaction. 	The circulation of 
liquid was also believed to impart an additional 
vertical component to the bulk velocity. 
West, Gilbert and Shimizu (96) studied a few binary 
systems with a view to interpreting the mass transfer 
mechanism betwenn liquid and vapour on bubble caps or 
sieve plates. 	Like Geddes (i) these authors assumed 
the bubbles were spherical so that A/term in equation 
(5.1) was equal to ..i 	and that the principle of 
rb, was app tic able 
additivity of liquid and gas phase resistances 	Their 
method of calculating the different-variables is 
appended below: 
Time of Contact: 	This was taken to be equal to the 




where velocity of bubble = V 
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was calculated from the equation Z  
Interfacial area (a) per unit volume of dispersion 
a = 	 (5.L6) 
r'b 
kL was computed from Higble's equation (78) for 
unsteady state diffusion of solute Into a semi-infinite 
stagnant liquid layer.
1/2 
kL = 1.13 	 CLay 	 (5.247) 
te 
and k 
9  was also computed from the same equation by 
substituting DG or DL and CVav for CLay 
D 1/2 
k 9 = 1.13 	 Cva 	 (5.248) te 
(iv) 	K'0G was computed from the relationship 
I 	- 	I 	m
KQG - + 	- 	 ( 4)k 92 
The authors admit that the value of k 
9  is not so sound 
theoretically as that of kL because the value of the gas 
phase diffusivity were I ,000 to 10,000 times greater than 
that of liquid phase so that a solute could move 30 to 
100 times faster into a gas than Into a liquid in the 
same Interval. 	Therefore gas film is less likely to 
behave like a semi-infinite body than corresponding 
liquid film. 
The experimental and predicted values of plate 
efficiency do not agree closely but the authors maintain 
that this discrepancy may be attributed to the Incorrect 
51 
values of interfacial area. 	The predicted values of 
E00. for methanol - water system is 867, (at 9 mole 51 
methanol) as compared 50 - 762 (at 6 - 10 mole 7 
methanol) experimental values published by Gerster et 
al (97). 	Similarly the predicted values of EOG for 
extractive distillation of Isobutane from I - butene is 
26 as compared to 44 reported by Grohse at al (118). 
VII 
	
	The American Institute of Chemical Engineers sponsored 
a comprehensive programme of research into tray 
efficiencies in distillation columns (31, 32). 	The 
basic objective of the research was to obtain a better 
understanding of mass transfer phenomenon and to suggest 
methods for the prediction of plate efficiency. 
A summary of recommended procedure for the prediction 
of plate efficiency is as follows: 
(i) The number of gas phase transfer units is computed 
by the following empirical equation: 
0.5 
NG (Sc) 	= 0.776 + 0.116w - 0.290F + 0.0217L 1 (5.50) 
Z 0 , the clear liquid hold up on a plate is 
calculated with the aid of the correlation: 
0.19W - 0..65F + 0.020L 1 + 1.65 	 (5.51) 
The average liquid contact time (tL) in seconds on 
the tray is computed from the equation: 
tL = 37.4 • Z ZL / L1 	 (5.52) 
(ti.) The number of liquid phase transfer units is 
calculated from the correlation: 
0.5 
NL = 100 DL 	(0.26F + 0.15) tL 	 (5.5) 
(5) Assuming that the resistances are additive, the 	\ BuJ 




I 	= 	+ a. 	 (i) 
—in (1 - Eo&)NG 	NL 
The value of eddy diffusivity is calculated from 
the equation: 
0.5 
(DE) 	= 0.0124 + 0 .0171U + 0.0025L1 + 0.015W (5.55) 
The value of Peclet number is computed from: 
2 Npe = (ZL) / DE tL 	 (5.56) 
The value of EMV can be computed from Fig. II - 2 (31) 
in whichA E is plotted against 	with the Peclet 
EOG 
number as a parameter. 
If the entrainment was taking plate in the column 
as manifested by the experimental evidence the 
calculated value of Ej may be modified by Colburn's 
correlation (62): 
EMV 
Ea 	I + e EMV 	 (.57) 
LM/GM 
The authors not only tried to predict the plate 
efficiency, when the operating conditions, tray 
geometry and physical properties of the system were 
specified but also tried to predict plate efficiency 
for a system from that of another when the tray design, 
F factor and liquid rate were the same. They 
recommended the following correlations for the purpose: 
	
0.5 	 0.5 
Na. (Sc) 	let System = NG (Sc) 	2nd System (5.58) 
0.5 	 0.5 
NL / DL let System = NL / DL 	2nd System (5.59) 
0.5 	 - 0.5 
kL a / DL let System = kL a / DL 	2nd System 
(5.60) 
The authors claim that the above correlations are valid 
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for a large number of systems. 
The range of operating variables explored by these 
workers was not comparable with industrial practice 
but the authors are optimistic about the applicability 
of the correlation to commerical columns. 	However, 
the research recommends that the correlation for the 
prediction of efficiency should not be invoked in the 
following cases: 
(i) The F factor is less than one. 
The liquid flow rate is less than 25 gallons/ 
minute (ft.) 
The column is operating under a pressure of either 
a few milli meters of mercury or above 150 lb./ 
In 2 absolute. 
(Li.) The column diameter Is lees than 12 inches. 
The liquid viscosity is high. 
The ratio of fL 	is less than 60. 
Symbols have the same meaning as given In the Nomenclature 
CHAPTER VI 
The following table contains the purely empirical correlations for plate efficiency 
suggested by various workers. 
TABLE B 
REFERENCE 
GEOMETRY SYSTEM CORRELATIONS 
Correlated the 
REMARKS 
Gunness (98) - - Number of transfer 
plate efficiency units are shown to 
with viscosity of be dependent on 
the feed and viscosity of the 
plotted N.T.U. feed. 
versus viscosity 




Bubble cap plate. 
Tower diameter 24 ft. 
Petroleum EO = 0.17 - The correlation was - 71 ft. weir fractionation. 0 61 log 1 0 reached after 
length 60-80 	of 
fAL measuring 
the tower diameter efficiencies on 54 
weir height = ij- In. refinery - 2j in. submergence fractionating 
7/8 - 2 	in. 	slot columns. 
size width 3/32 - * 
In. 	to length I - 
1* 	in. 
O'Connell 
(ioo) Experimental data Gasoline E0 Is proportional - obtained by others fractionation, to the product of 
was tested. Naptha relative 
fractionation volatility and 
alcohol - water, viscosity of the 
and beer, feed.  
'ii 
rr 
TABLE B (Contd.) 
REFERENCE PLATE GEOMETRY SYSTEM 
EMPIRICAL 
CORRELATIONS REMARKS 
Lt. Chaiyavech and I 	In. dia. I Butanol - EMV= Mixtures were thew van 
Winkle (101) 
perforated column water analysed by 
Free area 9,3910 n-octane - 
O 
,6L refractometer 
of column area. toluene 0.0691( 
Plate thickness carbon 
In. Holes were on tetrachloride / 	0.19 
triangular pitch. I - propanol (J Pitch 	2 Propanol - 
., 





5. Ju Chin Chu Experimental data Ethanol - E0 	-0 Ranges:- 
et al (90) obtained by other water 5L. 	h e L195 (i) Efficiency workers was used. 
All 
Benzene - 
x(V) 25 - 80% such workers toluene (2)/J. 	= 0.2 	to LO 
used bubble caps. Methanol - 0.2L1.6 (/yL) water X 	feed (3' 	L/V 	0.L1. to 8 




Acetaldehyde 1.5 	inch. 
- water 
Methyl ethyl 
ketone - water 
Benzene - ecl 
6. 	do. do. do. EO The authors fitted 
- 	 -0.245 an analytical 
49.2 (/iP-) expression for 
O'Connell's graphical  
correlation. 
"ii 
TABLE B (Contd.) 
PLATE 	 EMPIRICAL SYSTEM 
	
REFERENCE 	GEOMETRY CORRELATIONS 	REMARKS 
7, Walter and 	Two inch diameter Alcohol - water EM —Il = I - e 
Tn 
Sherwood (45) column 
iriodified by 	submergence = I 	 where Robinson and in. Pressure - 
Gilliland (102) atmospheric, 	 rn 	he 
- 	 (2.5 + 0.37kM 
( 	d 
I 
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The equipment used in the present etuy consists of a 
distillation column, eordeneep, "boiler, sieve tray and ancillary 
equipment. The detailed description of the various unite is 
appended be low: 
A, DIILLTION 
The brass distillation column is rectangul ar  in design. 
Its internal dimensions are 71 inch z 14 inch x 12 inch, and it is 
built on a circular brass flange of 12 inch in diameter. A sieve 
tray, 14 inch x 4 inch, is flush fitted into the flange by means of 
a P.T.P.L gasket and 16 studs. 
Be R2B:'U 
The distillation tray is mounted on a 9 inch diameter glass 
section which acted as a reboiler which is again attached to 12 
Inch diameter and f inch thick brass plate. Two steam coils, 
holding steam at a pressure of up to 30 1b./1n, 2 gauge, are brazed 
to this plate. The bell-up rate Is adjusted by controlling the 
steam pressure to one or both coils. A wire mesh damieter is 
placed in the top section of the boiler to check the entrainment 
of the liquid from the reboiler onto the sieve plate, 
On the top of the brass column In fitted a email plate (9 
inch in diameter) with a 4 inch diameter circular hole in the 
centre. A c.Y.P *  adapter is fitted through this aperture. The 
glass adaptor is connected to the condenser by a stainless steel 
bellows joint which eliminates stresses and strains which are 
likely to be set up as a result of differential expansion of the 
brass column and glass condenser. 
TO REBOIL 
S.v 
FIG. (6) DETAILS OF EXTERNAL WEIR HEIGHT CONTROLLER 
LEGEND: 
C.P. COOLING POT: F1, F2 FLANGES: 	L LID OF THE COOLING POT: 
S.P. SIEVE PLATE: 	S.V. SAMPLING VALVE: T.T. TELESCOPIC TUBES: 
) LIQUID LEAVING THE PLATE: 
COOLING WATER LINES 
mo 
LEGEND: 
WP = MACHINED INTETAL PIECE TO ADJUST WEIR HEIGHT 
P = PILLAR ALONG WHICH WP SLIDES 
FIG. (7) DETAILS OF INTERNAL WEIR HEIGHT ADJUSTMENT 
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;IV PLAT 
it to a t inch x Li inch brass plate in.d has 25 equally 
spaced 3/32 inch diameter holes on a square pitch. The free 
area of the plate is 14,0T of the column. 
 
Two optical glees windows are screwed to the column and 
sealed with P.T.P.e gaskets near the floor of the sieve plate 
on opposite vertical wells of the column. This arrangement 
enables one to illuminate the dispersion from one window and 
observe it through the other. 
K. WJX, UEIOITT 
The distillation column is provided with an ajuatable 
weir height. It is possible to vary the liquid seal on the 
plate from J inch to 4 inch (if desired) in steps of J inch. 
Sixteen brass pieces 31 inch x r inch x j inch are machined as 
shown in Fig. 7. Each of these brass pieces was made to slide 
tight on two built-in pillars on the column vallse The brass 
pieces successfully maintained the desired liquid seal on the 
plate. These weir pieces were only accessible by opening the 
column and detaching the sieve plate. 
A device was also inat'lled on the plate liquid outlet 
line. This contrivance served two purposes. Firstly it 
obviated the cumbersome operation of opening the column to alter 
the liquid seal on the plate. Secondly it was used to check the 
leakage through the adjacent weir pieces described above. For 
the sake of clarity it will be celled the internal weir height 
controller 	 It consisted of a 2 inch diameter and 1.5 inch 
long copper tube (open at both ends) brazed to a 6 inch diameter 
rac plate secured onto the top flange of a Q.V.F. cooler for 
1 
Li 	 tn.c 	lte. 	Lo -l!.:c, 	J lt. O :i another 
late having the liquid outlet pipe were sealed with Klin,gerite 
'iskets having P.T.P.E. sheaths. 
The level of the W.H.C. tube with respect to the sieve 
.lte  floor was carefully fixed SO that the top of the tubing was 
1- inch lower than the sieve plate. Another copper tube, 31 
inch long was machined to slide telescopically over the WJ.C, 
tube and thus provided a means of controlling the liquid seal 
from Ij inch below to 2 inch above the sieve plate. 
P. CON2EN8ER 
A Q..V.P. condenser 33 inch long and 6 inch in diameter has 
been employed to condense vapours from the column. The condenser 
has a heat transfer area of 25 sq. ft. This is quite adequate 
for organic systems but for aqueous systems a similar Q.V.F. 
condenser ims coupled to the main condenser to guard against 
vapour leakage due to insufficient cooUn. A few preliminary 
rune indicated the inadequacy of the condensers described above. 
Therefore a copper coil was secured to the top of the second 
condenser and ice cold water was circulated In the coil in a 
closed circuit by means of a Stuart Turner pump from a reservoir. 
This arrangement gave a satisfactory performance. 
An additional separate cooling coil was used to cool the 
condensate (reflux liquid) from the lower condenser to ensure 
that the reflux liquid metered through the rotameter was always 
at ambient temperature. 
3. n.EZMATER FOR REFLUX 
In the early stages of the present study continuous 
fluctuations in the liquid flow were observed attributed to 
escaping bubbles issuing from the hot reflux liquid in the reflux 
PIG. 2 	DAIL OF D1.flLLAPr ,:1 jLAT 
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preheaters. This disturbance made it impossible to measure the 
reflux liquid flow rate with the rotamater. This difficulty was 
overcome by providing two liquid reservoir. -; on the inlet as well 
as the outlet side of the rotaxneter. This did not prove 
entirely satisfactory. Therefore it was decided to heat the 
reflux liquid to the desired temperature in two stages. In the 
preliminary stage the retlux liquid is heated to the incipient 
boiling by means of a low pressure steam passing through a closed 
coil in a Q.V.P. glass vessel 3 inch Jiamater and 12 inch long. 
At the final stage, hot reflux liquid is brought to the proper 
temperature by means of a two kilowatt ininersion heater placed 
in a similar Q.VJ, vessel. The temperature of the reflux liquid 
is measured by means of a copper constantan thermocouple 
connected to a speodomax !I Compact Azar Recorder. 
The in:'ut of electrical energy to the immersion heater 
Is controlled through a Variac. This arrangement not only served 
to control the temperature of the retlux with greater precision 
but also arrested the fluctuations of the rotameter float 
observed in the earlier 6bservstions, 
I • ?EDIN ARATT 	!T? TO ATTI) F1O! THE $flVE PLATE 
The heated ref3ux liquid is injected onto the sieve plate 
from sixteen equally 
The distributors are 
and the plate is fed 
was used to obtain a 
3 depicts the set-up 
J. COOLING r.133L 
spaced holes drilled into distributors. 
located on the opposite sides of the weir 
from the opposite ends. This arrangement 
completely mixed liquid on the plate. Fig 4  
in a graphic manner. 
The liquid leaving the sieve plate is fed into a Q.V.F. 
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glass vessel 18 inch long and 3 Inch in diameter. This is cooled 
by a cloned copper coil through which cold water is circulated. 
Another substantial heat transfer area is provided by a secondary 
cooler comprising copper tubing 17 inch long and 14 Inch in 
diameter. This tube is brazed to a disc of bras which forms 
the loose fitting lid of the Q.V,!. pot. The cooled plate liquid 
flown back into the reboiler by gravity. 
•Wi' 
A meteric series 114 with oranri1te float type K vras 
aequired from the Rotaineter Manufacturing Co. Ltd., Croydon. As 
already mentioned, two liquid reservoirs were built on either side 
of the rotameter in order to supress the oscillation of the 
float. Figs. 8 and 9 and Tnble 2Zi give the calibration curves 
and data respectively for the rotameter. 
Lk(}I 	OF 2t7, 'OW T 
It Is essential to 	itn.ri aiabatl..c 	iUtioo in t'c 
column, otherwise the erroneous values of plate efficiency are 
Inevitably obtained. For example if there is ingress of heat 
Into the column there Is indiscriminate evaporation of liquid 
from the plate into the vapour stream. This operation disturbs 
the degree of separation brought about the plate and results in 
lowering the efficiency. On the contrary it lose of heat occurs 
from the column, the lean volatile material is preferentially but 
partially condensed, resulting in the artificial elevatien of the 
plate efficiency. Hence it is imperative to maintain adiabatic 
conditions around the colun, This is achieved in two ways: 
The brass column and adapter are wrapped profusely with 
mineral wool. 
They are surrounded oornletely with four aluminium rectangular 
C2 
panels, 12 iach x 12 Inch fitted with electric heaters. 
"se heating panels as well as brass flanges in the column 
are further Insulated with asbestos tape to minimise beat 
losses. Heat losses from the column are reduced to a 
minimum by wrapping the above mentioned panels with pads of 
mineral - iool packed in asbestoc cloth. The electrical 
energy supplied to the panel heaters is altered by a 
rheostat connected in series rith the heaters. The 
temperature of the space between te column and panels Is 
maintained constant by a Sunvic temperature controller and 
vacuum switch F102/1. The fluctuations of the temperature 
In the apace between the column and the heating panels is 
hardly 	The temperature of the Jacket is maintained at 
the same level as the temperature of the outlet vapour's. 
M. T 	ATLI7G PQINTS 
Throuhit the present stwiiI plate efficiency 
measurements have been made under total reflux conditions. 
Therefore the liquid leaving the sieve plate represents the 
composition of the vapour entering the plate. Hence a small 
stainless steel needle valve which serves as a sampling point 
is fitted on the liquid line from the cooling pot to the 
reboiler as shown in the flow diagram. Another tiny needle 
valve on the line from the rotanieter to the reflut preheater 
permits samples to be taken from cold reflux which represents 
the composition of the vapoar leaving the sieve plate. All 
the Kllngerite gaskets have P.T.P.Ee sheaths so that liquid or 
vapour streams are not contaminated with the gasket materials 
as the liquid or vapour's contact onl.y the P.P.F.E. envelopes 
not the inserts. 
C' )T•fl-',? •-" 	 ;1ir)' 7 - 	r,'ITr(. J ij'J.I.C' 	V 
In order to study the effect of boil-up rate on plate 
efficiency and to maintain a constant boil-up rate, it is 
desirable that the steam pressure in the coils of the boiler 
should be steady. With a view to achieving this objective a 
Spirax D.P. pressure reducing valve was installed on the steam 
Inlet line to the reboiler, This proved to be satisfactory and 
successfully maintained a steady pressure without demanding irnach 
attention. It regulates the steam pressure by a combination of 
phosphor bronze diaphragms and springs. The pressure is 
registered on a 14 inch diameter pressure gauge. 
0. MEAWRIIMENT OF TEMPERATURE AND CONTROL DEVICES 
The temperature of vapour entering the sieve plate, of 
vapour leaving the plate, of reflux liquid entering the plate, of 
the air space between the column and aluminium jackets, are 
compared with one another by copper conetantan thermocouples 
connected to a Leeds Northrup Speedrnax H recorder through a 
multipoint thermocouple switch. The cold junction is maintained 
at room temperature. The recorder indicates the various 
temperatures with reference to room temperature. In other 
words, it compares the temperature of various streams at any 
Instant but does not really register their absolute values. This 
Is not a disadvantage for we need to compare the temperature of 
various streams. However, if desired, it is possible to 
calibrate the arbitrary readings on the recorder scale by using 
a standard thermometer and one of the thermocouples to measure 
the temperature of hot water. 
Efforts were made to keep the reflux liquid inlet 
temperature at incipient boiling by observing the formation of 
L' ; 	 0 
	 t 
J t Jet vapour 
be as high as 40C (in the cane of acetone - water L;j 
'he inlet vapour and outlet vapour temperatures 
	not 
..aie. The column jacket temperature oan be controlled 
lependently of ether streams by adjusting the resistance of 
ontt. This temperature was maintained at the asais level as 
t' 	it1:_t V 	L: 
. 	LL.LI UAjT 	1: 
Th]4win .uantex light meter coupled with a photo-
electric robe was used to measure the Intensity of a parallel 
beam of transmitted light through the dispersion on the plate. 
The source of light was a oar headlamp connected to a 12 
volt oar battery. The Lamp and the probe were attached to two 
brass tubes which were screwed to the coluzn on the opposite 
aides at the glass windows. The windows were sealed with P.!i'.r.L 
rings. The light beam for the lamp was made parallel with a 
pair of lenses* The interval of time in which a fixed number of 
arbitrary unite of light were received by the meter was 
accurately measured. 
Q. OQJQA OF YSTM8 
I. Benzene thiophone and benzene - ethylene liehioride were 
selected after a good deal of care. It is comparatively easy to 
analyse the mixture by V-ray transmission accurately with a 
Geiger Miller tube and automatic scaler using tritium foil as a 
source. Secondly these mixtures exhibit ideal or pseudo ideal 
behaviour and it was regarded as worth while to see if these 
systems showed an effect of composition on plate efficiency. 
Thirdly their boiling points are close together and lastly their 
:1. 
- 	 oted as it is well 
wn that this mixture Is amenable to chemical analysis by the 
of ultraviolet spectrophotometer which is regarded tin the 
oet sensitive instrument for analysing acetone. As compared to 
thiophene and benzene ethylene dichloride, it is a 
iiea1 system. Noreover this system has a higher relative 
rovidee a 
r)flflell (100) 
r1 Chu (90) who established that the plate efficiency varied an 
'o product of relative volatility and viscosity. There is an 
appreciable difference between the biling points of the reflux 
liquid and the dew point of vapours entering the plate. It rae r 
therefore, thought that the system may exhibit nn effect of heit 
transfer on plate efficiency as speculated y Ds.nckwerts ot a). 
(69). It is well known that aqueous systems show an effect of 
composition on plate efficiency. These considerations 
contributed for the selection of this system. 
8tmilarly criterion was applied for the selection of 
benzene acetone. 
Analar grade reagents were used in the present ettidy. 
In the acetone - water system only distilled water was 
used* it was prepared by using all glass distillation still 
supplied by Messrs, Scientific Apparatus Company, Loughborough. 
fi. 
There are many contradictory reports in the literature 
about the effect of composition of the liquid on the plate 
efficiency. The causes for this baffling state of affairs may 
partly be attributed to the Insensitivity of the composition 
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measuring instruments used by various authors. Measurements 
by gama ray and ultraviolet transmissions were used for the 
analysis of liquid samples in this work. Both the above 
mentioned techniques can be made to be .xremely sensitive and 
reliable. A brief description of the instruments used in 
this study along both working prineiples Ic appended here: 
I. The principle of the application of gamma ray transmission 
technique to the measurement of density etc* has been described 
by Kanuna and Cameron (122). 
The intensity or a monochromatic beam of gamma radiation 






The mass absorption coefficient (f) depends on the radiation 
energy, the atomic number of the absorbing medium and its 
capture cross section per unit mass. Thus the mesa absorption 
coefficients for sulphur and halogen atoms are decidedly higher 
than for carbon, hydrogen or oxygen atoms. In fact the 
compounds having poly halogen or sulphur atoms in their 
structure have exceptionally high coefficient. This has been 
confirmed experimentally for binary mixtures of benzene and 
ethylene dichloride and benzene and thiophene. As we 
progressively Increase the E.D.(, or thiophene content of 
benzene the gamma ray transmission diminishes rapidly. As 
mentioned above, if we plot the concentration of solution 
versus log count rate, we get a linear graph, the slope of 
which gives a measure of the sensitivity or the instrument for 
analysis. A few standard solutions of benzene and ethylene 




PLATE (1) Y_ RAY TRANSMISSION CELL AND ACCESSORIES 
LEGEND: 
(i) Radioactive source. (2) Cell for liquid under examination. 
(3) Built-in funnel for pouring liquid into the cell. (Li) G.M. 
Tube. 
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counts / 300 Sees. (N) was measured for each sample using the 
same radioactive source and the cell (not yet described). The 
calibration curves were established for the mixture and used in 
a similar manner to determine the composition of unknown 
samples. Figs. ii, 12 1p 13 and 15 exhibit the calibration 
curves for benzene 	.D.C * and benzene thiophene mixtures 
respect ively. 
For the successful application of the ganna ray absorption 
technique to the quantitative analysis of mixtures, three 
prerequisites must be provided.. They are: 
A source or gamma radiations. 
A cell receptacle for the mixtures. 
A Geiger iiiller Counter and Scaler 
(a) Source of grimm radiation: Tritium absorbed on zincoiniam 
sponge serves as a source of gamma ray radiation. It has a 
half life period of 12.26 years and approximate activity of 2.7 
curies* 
('a) Plate I shows the assembled cell. It is made of brass 
and has two Berrylliunz windows which are transparent to '-ray 
radiation. One window faces the radioactive source and the 
other faces the Geiger Wilier Counter. The windows are sealed 
with the help of P.T.F.E. gaskets. 
(a) A gamma ray automatic scaler (Ecko Electronics Ltd.) type 
N.530F and end window Geiger Miller tube M 112 were employed to 
analyse mixtures of benzene H.D.C. and benzene - thiophene. 
The N.530F automatic scaler (Feko Electronics Ltd.) is a 
combined 6 decade scaler and counter. It can be used to record 
the counts from the Geiger Mtiller tube in a preset time interval 
which may range from 100 seconds to 1000 seconds. It is a self 
-L: 	 lyto 
:1 	 its ff .V. stability is 0.5 for 
variations in mains voltage. It scans all the pulses but 
'eurea only those pulses whose amplitude exceeds a certain 
eet level. The H.V. supply voltare for the Geiger Muller 
c is variable over the range 250 2000 volts in two stages 
i8 indicated on a meter. All the measurements mist be 
round count before they can be reliably 
an found in the present study that background 
cr)1nt was negligible. 
I zaaling Brrox!j 
There are three major sources of error in this methods 
1. The rate or radioactive decay or disintegration of a 
source is governed by the laws of probability. The 
observed counts have significance only when a large 
number has been measured to permit valid statistics]. 
analysis. The well established criterion in this regard 
is the standard deviation. It can be demonstrated that 
for radioactive measurements, the standard deviation is 
,Tii where a is the total number of counts provided the 
half lire period of the decaying isotope is far longer 
than the duration of the experiment. Than the count rate 
may fluctuate between a + 	to a 	• Therefore 
It is not advisable to use a concentration of absorbing 
material such that the number of counts falls below 10. 
Such a count would show a higher standard deviation than 
mentioned above. The following table shows the standard 
deviation for a given count:- 
	
Thrd 	 oT -- eviation total counts 
50,000 	 223 	 0*446 
409000 	 200 	 0.5 
10 0 000 	 100 	 1 1 0 
6,000 	 77 	 1.28 
riother potential source of error arises from the fact 
Chat except in unusual circumstances only a fraction of 
tie.pediation passing through the cell can enter the 
le window counting tube, the 
.........:: 
 
an be less than 50. It can be 
coved upon by the proper positioning of the sample, 
low and the source, 
ia the present study, the position of the source, the cell 
and the counter remain fixed throughout and the cell, 
Geiger Mtller tube and the source were totally enclosed. 
3, 	Minor errors may 	be introduced due to sudden or erratic 
changes of temperature of the liquid under examination. 
Therefore to achieve a greater precision in the analysis 
Of the sample, it is desirable that the cell be housed in 
a constant temperature enclosure. As there were no great 
fluctuations of temperature, it was decided to ignore the 
effect of changes on the count rate. 
Prjncjt,le of operation - 9f scaler 
Input pulses are fed to two hard valve decade circuits and 
subsequently via a pulse shaping valve to a chain of four triode 
coupled I)ekatron Counting Tubes. 
In the tuning circuit, sine waves at the mains frequency 
are fed to a similar chain of Dekatron tubes, 
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pa1e may e selec ted 'ro o.e of the ;)ekitron circuits, 
fed by a shaping valve to a "flip flop" stage causing it to 
'rigger and cut off two gating valves which stop both the count 
:7 tii:xg circuits. 
..reeeedlng the counting circuit is a single stage 
lifler and pulse height discriminator which permits pulses 
with an amplitude exceeding a predetermined level to be counted. 
II. WiICAM ULTTAVI0LT SPCTR0PE0TR SF500 
This is a highly developed instrument which proved to be 
both accurate and rapid in the analysis of traces of acetone in 
water or in benzene. This is the latest version of the Unlearn 
instrument in which the lead accumulators, an unwelcome feature 
of the old model, have been replaced by a stabilised power 
supply unit. 
The principle of the method of analysis is based on the 
fact that certain compounds having chromophores in their 
structure, absorb monochraatic radiation in a selective mnner. 
The absorption of radiation is pronounced at certain wave 
lengths and may be negligible at others. 
Among the inorganic compounds, selective absorption may 
be expected whenever an unfilled electronic energy level is 
covered or protected by a stable energy level, usually formed 
by a co—ordinate covalence with other atoms. 
Selective absorption of radiant energy among organic 
compounds is again related to the deficiency of electrons in 
the molecule. Completely saturated compounds exhibit no 
selective absorption of incident radiation throughout the 
visible and ultraviolet regions. Compounds possessing doable 
bond absorb strongly in the tar ultraviolet. Conjugated 
FIG. L BLOCK DIAORI VCR UL?RAVZOI.T 	PO?HONETR UflICAM 
8P00 DWICTIO OPTICAL 8TØTIW, PHO?OOIIJ1 AND 
Phototube change slide. 	 Silica lens. 
Pivoted conden-
sing mirror 
Deuterium larrp. (QF 7) 
sensitive phototube. 
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double bonds on the contrary absorb incident radiation at higher 
wavelengths. The conjugated system in a compound is called 
its chromophore. 
DESCRIPTION OF ULTRAVIOLET SPEC TR0PIIOT0MSTER 
Fig, 4 shows self-explanatory diagram of the instrument. 
It has two sources of radiation provided by (a) Deuterium lamp 
(b) Tungsten lamp. The Deuterium lamp consists of a quartz 
lamp having two electrodes sealed in it and filled with 
hydrogen under pressure of 8 atmospheres. It yields a 
continuous spectrum in the range of 3200 - 1800°A 9 A pivoted 
condensing mirror directs all the radiation from the sources to 
• deflecting mirror which in turn directs the radiation through 
• quartz slit onto a calibrating mirror which directs a parallel 
beam of radiation for dispersion to a 600 prism. The radiation 
of a particular wavelength is selected, passed through silica 
Ions, filters and silica cells and onto photo cells. The 
choice of photo cells is governed by the wavelength. One of 
the photo cells is used in the range of 18-625 m1LL and the 
other in the 625-1000 mp. range. The signal from the photo 
cells is amplified and then measured with a potentiometer. 
The quantitative treatment of absorption of radiation energy by 
matter is governed by the Beer-Lambert's law. If monochromatic 
radiation is passed through a solution, the intensity of 
transmitted radiation is diminished to an extent depending on 
the nature and quantity of absorbing material in the solution 
and length of passage through it. 
Beer's law states that successive equal increments in the 
number of absorbing molecules in the path of monochromatic 
radiations absorb equal fractions of radiant energy. This may 
dn = 1C1p 	 (7.2) 
co y absorbed by absorbing material at level. 
= number of absorbing molecules. 
'ri'angement followed by integration between limits 
= - 
p0 
Th' a beam of S Cm. 2 equation (70) becomes 
1i ._ 	= 
	
(7.Li) 
'ation (7,4) is further modified if we substitute the 
product of concentration (04) and the length of the path of 
radiation (b) for NS1 and 'a2' for k1. 
log .L = - a2bc4 	 (7.5) 
PO 
or log Q = 	82bc4 = Al 	 (7.6) 
a2 is called absorptivity if the material and A1 is assigned the 
name absorbance. 
If more than one absorbing constituents are present, the 
absorbancea are additive to give the total abeorbance. 
Accidental and erratic loss of radiation due to reflections at 
the surface of the cell or due to the absorption by the 
supposedly non-absorbing constituents of the solution, may be 
eliminated by running a blank, in an identical and matched cell 
with a non-absorbing solvent. 
One may vary logj 	from zero to infinity. In practice 
' it is hardly worth while to measure absorbance greater than 
I or 2 as larger errors creep in at higher absorbanoes and 
ABSOR&NCE 2U ,A1J:GTH OF INCID'iT RDLTICN 0.1 0/0 ACETCNE fl ATIER. ) 
PIG. (23) WAVE IGTH 
_____L 
265 	 270 
( LaLLI ICRCN). 






0. 1 70 
0.150 
250 255 	 260 
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-- 	law has certain limitations, for example it 
no joation about the effect of mpet 	or 
:velength on the absorbance. At oonetutt concentration, every 
*song substance absorbs radiations to a different extent at 
"ferent wavelengths as seen in Pig. 23. The effect of changes 
--f  temperature on the nbeorbance are compensated for by the 
er's law is not a prerequisite 
:c 	the calibration curve is established and in 
roducible under specified conditions, it can be used 
empirically for the analysis of the absorbing material. 
It in eemparatively easy to estimate the absorbing 
material when present in a non-absorbing solvent by interposing 
a matched cell illed with the solvent in the path of the beam. 
The instrument is very verartile 'i -nd can be manipulated 
to analyse a binary mixture in which both the components nbeorb 
radiation but to a different extent at the same wavelength. 
This objective en be 'chieved by measuring the absorbance of 
the mixture against a non-absorbing solvent et two suitable 
different wavelengths. From the resulting two eirnultaneis 
equations one can find the concentration of eaoh constituent of 
the mixure. Of course for certain oases there is another 
alternative available* If both the components absorb 
radiation at two different wavelengths in such a manner that 
one component absorbs ooneidert,le radiation at one wavelength 
and a negligible amount nt the other, then by measuring the 
absorption of a mixture at two different wavelengths the 
mixture can be analysed from their respective calibration 
curves at two wavelengths. 
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FIG.( 5 ) 	MODIFIED EQUILIBRIUM STILLS 	(A) AND (B) 
LEGEND. 
B, C. CONDENSERS. D, CONDENSATE RECEIVER.F,FILLING. PORT. 
H.E. ,HEATING ELEMENTS. M, MAINS. T.H. ,TAPE HEATER. 
T.P, THERMOMETER POCIET. V, VARIAC. 
714 
 '.-- 
r'- I i 	 - 
I - - -- ,fl. 	- IF 
O modified equilibrium stills (A and B) Fig. 5 were 
ilibrjum liquid and vapour compositions. 
-: 	- ae incorporated into these stills by 
fitting the condenser (C) to the upper part of the stem 
t rough a cone and socket joint. Its objective was to remove 
air pockets from the still. In the presence of air pockets 
In the still, condensate collected in the receiver (D) in an 
erratic manner. The condenser permitted the exit of air but 
vapour reaching It was condensed and flowed back into the still 
along the stern. One 100 watt tape heater was wrapped round 
the upper part of the still starting from a point two inches - 
above the neck of the still. The condensate from condenser 
(a) was converted by the heater into vapour and thus a jacket 
of vapour was created around the central portion of the stem. 
The tape heater also served to check the loss of heat from 
the stem. 
The stem as well as the bulb of the still was properly 
lagged with asbestos insulating tape. In order to preclude 
the possibility of spray getting converted into vapour by the 
heater, the heater was fitted on the stem leaving a space of 
two inches above the neck of the still as already mentioned and 
plenty of disengaging space was allowed between the surface of 
the liquid and heater (T.M.) 
A heating element (H..) consisting of a bare wire of 
suitable resistance was wound over the protruding glass segment 
as shown in the diagram. A layer of asbestos paper being 
wrapped before In order to avoid cracking of the still. The 
emergy Input to the heating element was regulated by a varlac 
7) 
ta i.t .L 	i 	tc hcvc a i:irci Vl,A 	f' t. .c 
" 
- 
tter) and Still A for the remaining three system. 	Then 
i:ttempts were made to use Still A for the acetone water 
cstern It was discovered that there was too much bumping of 
1.1ciid and the results exhibited a considerable amount of 
citter. This bumping may be attributed to the higher 
':.,-- tjc hCi 	till 	th- 	')k ;til 	 • -r 
 
to 	o  
porous silica pieces Into the boiler but In vain. Then a 
small heating element was attached to a pair of tungsten wires 
sealed in a glass cone which was fitted into the filling port 
(F) on the Still. The heating element was dipped into the 
liquid in the boiler and an electric current passed through It. 
This expediency similarly failed to improve the performance of 
Still A. Still A was therefore abandoned and Still B used for 
the acetone - water system where Its performance was 
satisfactory. 
Symbols have the same meaning as given in the Nomenclature 
7() 
veatigation. The water supply to the vrioua coolers 
1 condensers was turned on. The jacket heaters around the 
)lunm and the recorder were switched an and steam was turned 
i the reboiler coils. For organic system at low boil up 
, one coil proved adequate whereas for aqueous systems 
loyed to obtain the appropriate boil up 
:aure in the coils was regulated by a 
.i. 
 
Spires valve to conform to the desired value of boil up 
rate which was measured by the precalibrated rotameter. After 
a lapse of about 10 miimtee, the vapour started condensing in 
the condenser and reflux liquid started flowing back to plate 
through the rotameter and preheatero. The time was opportune 
to switch on the Immersion heater In the reflux preheater. 
The steam was also turned on in the secondary preheater, The 
reflux preheaters were kept under close observation to see that 
the reflux liquid was brought to incipient boiling by the two 
prebeatere. As already stated in Chapter VII the two 
preheatera provided a very flexible control of the temperature 
of the reflux liquid to be injected to the sieve plate. The 
pressure of steam and its quantity flowing to the secondary 
preheater was subjected to rigorous control. Similarly the 
ianereion heater was connected to a variac so that the heat 
input to the other preheater was adjustable, Visual 
observations were not entirely relied upon and the temperature 
of the hot refluz liquid was compared with other streams 
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in 
'e reflu,x delivery line just before the liquid was injected 
plate. After the expiry of about half an hour when 
t. 	iditione became steady in the column, the temperature of 
e outlet vapour streams, reflux liquid and jacket temperatures 
e compared through the recorder and multipoint thermocouple 
itch. In general, the temperature of the reflux liquid was 
Lower than the other stream. Efforts were made to maintain the 
j'cket temperature by a Sunvic controller at the same level as 
e ttj, ', 	tir streams. 	The column was maintained at such 
for another IJ hours. 
iring each run, two samples were withdrawn, one from a 
sampling valve on the reflux line (points I and 10 9 Pig.1)and 
the other from the liquid leaving the plate. Since all 
measurements were made at total reflux, the liquid entering the 
plate represents the composition of vapour leaving the plate. 
The samples were analysed with an Ultraviolet Spectrophotometer 
or gamma ray transmission technique. The composition of the 
vapour in equilibrium with the liquid on the plate was computed 
from the vapour / liquid equilibrium curve prepred beforehand. 
The Murphree plate efficiency was calculated Intheusual manner. 
Incidently as the column has been designed for co.. lete liquid 
mixing on the plate, the Murphree point efficiency and plate 
efficiency are identical. The boil-up rate and weir height 
were maintained constant, but the composition of liquid in the 
reboiler was altered by the nddition of a small quantity of an 
approximate trace of substance (ethylene dichloride, thiophene 
and acetone) in different systems. Steady conditions were 
78 
CC 
- 	once again. 	In this way a large number of plate 
TIC areiientc were rn°.de, at a fixed weir hei't and 
it at lifferent compositionse 
i-riilarly plate efficiency measurements were made nt 
.t weir heights but constant boil-up rates. Finally 
the influence of boil-up rate was also examined. The 
experimental data on the plate efficiency measurements under 
1 ifferent parameters have been presented in Tables (acetone - 
- t --, 6 - 10, acetone - benzene, 15 - 20, benzene - 
27, benzene - thiophene, 31 - 33) and graphically in 
Figs. (acetone - water 2L - 25, acetone - benzene 26 - 29 2  
benzene - tMophene 30 and benzene - E.t.C, 31). 
The system acetone - water has been studied in greater 
detail. A new device was installed to maintain a desired 
seal on the plate. The liquid level in the plate ot)et 
vessel could be manipulated so that the liquid level in the 
outlet pipe could vary from i 2i inch below to 2 inches ave 
the sieve plate floor. 
up 
The boil rate was maintained constant but the liquid 
seal vies altered and the influence of a low liquid seal on 
plate efficiency was especially investigated. 
A sr11 2t.uart Turner pump, to deliver a part of the 
back 
plate liquid to the plate al Ong with reflux liquid, was 
installed on a line fro -.: t' 	119.te to the rcboiler. 	The 
objective was to study the effêcit of liquid flow rate on plate 
efficiency for the acetone.- water system. 
Finally a parallel beam of light was transmitted through 
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ect of the bubble and spray regimes on plate efficiency. 
2! I LIQurp EQUIUMME DATA 
.!O modified equilibrium stills were used to get the 
liquid equilibrium data for an four systems 
vestigeted. As already mentioned only Still B proved 
.tab1e for acetone - water system while A or B could be 
for the other systems. 
0 c.c* of a mixture, oiiprising proper proportions of 
nnponents, was transferred into the itill. The water 
to the condensers was turned on and the electric 
heaters were switched on. The energy input to the heaters 
was adjusted so that a steady but slow stream of drops of 
condensate collected in Condenser I), Pig. 5. After an 
approximate interval of 30 - hO rthuteo, the condensate started 
flowing bacL. into the boiler. The operation was alloci to 
continue for another Ij hours. Then the heaters were switched 
off and samples from the condensate and boiler liquid were 
withdrawn, cooled and analysed by the appropriate technique. 
The results are presented in Tables (acetone water 5, 
acetone - benzene Iti, bensene E.D.0 24, benzene thiophene 
30) and Pigs. (acetone - water 16, acetone benzene 179 
benzene - thlophene 19, benzene E.D.C. 20.22). 
I 
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series of experiments was performed with a view to 
t..e effect of composition on plate efficiency. The 
g table shows summarily the system investigated, 










 Acetone 	Benzene 0.029 to 6,49 1.15, 1.69 1,5 - 
M. 	acetone and 2.37 
 Acetone 	Water 0.004386 to I4.4 fr, I 	and 1 
0.07039 A. 
acetone 
 Benzene 	F.).. 90 	100  M. 1059 1.69 
benzene and 2,37 
t. Benzene - 97 - 100 1.159 1,69 
Thiophene benzene and 2.37 
Figs. 21 - 30 portray clearly that the composition of the 
liquid on the plate has very little effect on the Kurrplu.ee 
plate efficiency contrary to views expressed by meny workers. 
The systems studied comprised three ideal or pseudo ideal 
and one non ideal, The sieve plate was designed to achieve 
complete mixing of the liquid on the plate, therefore the 
Murpbrere plate efficiency and point efficiency were identical. 
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1ency 
'e literature on the subject is polemic but one cn f*ly 
OE"'t_CC .:v (Xcrt some 
) "iscoaity, surface tension and diffusivity of a component 
the liquid phase. 
- scoelty and diffusivity of components in the vapour 
.aee. 
lative volatility or slope of vapour / liquid 
• 	. . 
- . .... . C 
.L 	 t,':... • 	: - 'r; 
1:'ove mentioned physical properties may influence the plate 
efficiency -hen combined in a fixed way such as Schmidt member. 
However, a perusal of the extensive literature on the subject 
reveals that in the last two decades, workers in the field 
have attached great importance to the role played by the 
surface tension, diffusivity and viscosity of components in the 
liquid phase. However, it is considered more appropriate to 
discuss the plate efficiency results versus composition in the 
conventional manner. The other aspects of composition will be 
dealt with later on. 
An mentioned before, the objective of the present study 
was to examine the highly controversial subject of the effect 
of composition on plate efficiency at the extremes of 
concentration range. The results obtained by various workers 
are by and large contradictory. In order to check the problem 
successfully, it is imperative that the following conditions 
be satisfied. 
(1) Accurate vapour / liquid equilibrium data on the system 
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i adequate and accurate analytical technique should be 
Big of mixtures. These 
et in the present study. By 
ing a gamma ray transmission technique for the accurate 
al.yais of benzene - ethylene dichloride and benzene - 
iephene mixtures, the remaining mixtures were - 
(a p P  ndix) 
Ultraviolet epectrophotometry. Pig. IC) - 
'I 
at these instruments are sensitive enc1Fth to veLpona to 
all increment of a component in the test mixture, 
o vapour / liquid equilibrium data were tained from a 
lifted OTHUER Still in the case of aedtone water and 
tone benzene nystemz. !ierrington and Hale's (104) 
vzipour/liqul4 equilibrium date W-Ire -ed in the case of 
benzene - ethylene dichloride an, 	t of Coulson et al 
(105) for that of benzene - thiophene system. T!'c data 
for the last two systems had been previously checked by 
the authors for thermodynamic consistency and shoved 
remarkable agreement with the data obtained in the present 
study. This agreement inspired confidence for the validity 
of the d'ta obtained in the present study for the system 
acetone water and acetone benzene using the same 
equilibrium still. 
The following authors (25, 27, 31, 34, 37, 38, 47 50) 
support the results accruing from the present study but others 
(20-23 1, 2t3..30, 32 9 35, 36, 10 - 449 46, 52, 514 k  57 9 109 9) 
assert that the composition of the liquid on the plate exerts 
a strong influence on plate efficiency. Some of the workers 
(30) maintain that the plate efficiency drops down to i% at 
FIG. (2) PLATE EIOLCY 13US oo:poITIC 	T DI?FiT ITAPOU?. 	L0OITI 	X' A 1EIR -IT 
C L1. iN1H. 	3Y3TE:. - A(T0TE - 3E:TZT:: AT TOTAL E'LUX (AT ATI:oPIIo p:u) 
0.08 	0.16 	0.2L! 	 0.32 	O. L.0 	C.18 












In the separation of H]) from H2 (34) and the separation 
water from ordinary water (106) the plate 
cies were of the order of 50 and 75 respectively, 
-spite the fact that the concentration of heavy isotopes was 
:rder of I in 3,000*  
careful scrutiny of the data published by some workers 
-ht rr facts to light. For example, Kirschbaum 
07) while rectifying a mixture of ethanol and water found 
t the plate efficiency varied with the composition of the 
id, attained a maximum value when the ethanol content was 
Mole and then declined atea lily as the concentration of 
ilooho]. was increased, 	In a subsequent study (z. ver 1c.it 
Ing. &ippl. Verfshrentecbnik No. 5, I31-39, 1938) he  found 
that the maximum value or plate efficiency was attained when 
the ethanol content was 60 Mole . Raaelden and Thorogood 
(22) 0 Brown (26) and Linde (53) maintain that the plate 
efficiency is * function of the composition of the liquid, 
while studying the nitrogen and oxygen system. Haselden and 
Thorogood (22) maintain that a maximum plate efficiency was 
attained when the liquid comoaition wee 30 Mole N2 whereas 
Linde (53) and Brown (26) observed that a maximum plate 
efficiency was obtained when the nitrogen content of the liquid 
was 75 80 Mole %. In view of this conflicting evidence, 
one hesitates to accept the thec!e that the plate efficiency 
Is a function of the liquid composition on the plate. 
It seems worth while to discuss the aub3eot In greater 
detail. It is necessary that the physical properties of the 
mixture such as surface tension, viscosity and density (of the 
7EIi H:I•I-fT = L. IOE 
100- 
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COMPOSITION OF SOLUTION (WEIGHT % ACETONE) 
FIG, 18A. 	SURFACE TENSION OF AQUEOUS SOLUTIONS OF ACETONE AT 0CC. AND 45 0C. 
(Reference 124) 
lid 
libriwn curve be examined for a better understanding. 
1 	 )hyaical properties of binary 
n: 	fld scanty. The surface tension 
viscosity of acetone - water and benzene - E.D.C. are 
i in Tables 36, 37, 39 and 40, 
The data on the physical properties or individual 
nc its are also presented in Tables 34 — tl • 	It is 
interesting to note that graph of viscosity versus composition 
:fl/ jsterns) exhibits a maximum value as the content of 
components is increased and then begins to 
decrease as the content of more volatile components is 
i:creased further and reaches a minimum value as the more 
volatile component approaches 1O0 purity. The viscosity of 
the mixture (also of the components) decreases with increase in 
temperature but the ahape of the curve is maintained. A 
perusal of references (f 10 and 123) shows the effect of 
temperature on the viscosity of mixtures of acetone 'water. 
Fig, IS represents such a graph. It is seen that a trace of 
more volatile component does not affect the viscosity to a 
great extent at the boiling point. Therefore one may not 
expect spectacular changes in plate efficiency an account of 
insignificant changes in viscosity of the mixture 1 
Fig. IRA shows that the surface tension of the mixture 
of acetone and water is a maximum at a very low concentration 
of more volatile component. As the concentration of the more 
volatile component is steadily increased in the mixture, the 
absolute value of the surface tension of the mixture drops down 
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that slight changes in surface tension brought about by 
traces of more volatile component will bring about abnormal 
changes in plate efficiency. 
Aqueous solutions of ethanol exhibit similar 
characteristics (44, 124). 
Zuid.erweg and Harmens (5) put forward the hypothesis 
that the plate efficiency was controlled by the surface 
tension of the mixture such that positive mixtures exhibit 
higher plate efficiencies in comparison with neutral or 
negative mixtures. 	According to this view most aqueous 
systems should have higher plate efficiencies because water 
has a very high surface tension of 71.2 dynes/cm. at 30 0C. 
Their conclusions may be applicable to small Oldershaw columns 
where the liquid may be supported by the wall due to surface 
tension but work on commercial or semi-commercial columns does 
not seem to support their contention. 
Bainbridge and Sawistoweki (21) discovered that in a 9 
inch sieve plate column, the so-called negative mixtures 
exhibited a higher plate efficiency and found some experimental 
evidence which contradicted the Zuiderweg and Harmen theory to 
some extent. 	However, the latter authors have suggested that 
their findings about the effect of surface tension on plate 
efficiency are applicable to the foam or troth regime. 
Zuiderweg, Verburg and Gilissen (111) confirm the view that 
the effect of surface tension was most profound on a plate 
where fine froth or foam was produced and least on a bubble 
cap plate which produced coarse bubbles and jetting above the 
dispersion. 
Ellis and Bennet (28) conducted an Investigation on a 
U 
olwirn and suggest that surface tension effects are small In 
1 observations indicated that in the case of acetone 
benzene 	.D.C, and benzene thiophene, the high 
•-pour velocity ws not conducive to foam or froth formation 
it spray formation* Therefore it is less likely that the 
'fect or surface tension will operate to control the plate 
icy* 
iIderweg and ifarmena (5) Implicitly believe that the 
•— - jhess oers a coneierable resistance to mass transfer 
ht many authors believe that the gee phase resistance is 
dominant in ordinary distillation operation. 
There is still another aspect of surface tenEion 
applicable to distillation coluims. 3urThco tension may 
control the size of bubbles in the fo&,n produced on a plate in 
a distillation column. Geddes (1) established that 
1/3 
theoretically the bubble radius is proportional to G 
He applied his correlation to predict the distillation plate 
efficiency of 2 ethanol and W7 ethanol in water and predicted 
the plate efficiencies to be 95 and 98 respectively. Again 
this shows that the plate efficiency cannot be low at low 
concentration of more volatile component. 
Datta et il (f 12) maintain that the effect of small 
quantity or ,.;olute on the bubble diameter or mass transfer 
coefficient cannot be explained as a direct result of physical 
properties of the liquid* 
Pattle, R.. (113) and Verochoor (iit) observed on the 
"'r!D  = 	.. 
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:'flmtiOfl of stable froth of small bubbles possessing a large 
fective interfacial area. This also supports the view that 
plate efficiency cannot diminish at low concentration of 
lutes in a solvent. 
tlderbank (14) does not find large effects of physical 
late efficiency, His correlation for kL j 
eet of viscosity indicating that the effect of 
r81ty is proportional to (f) 	. The Interfacial area 
0.125 	-1/3 
ivon as proportional to () 	x ('p) 	, therefore the 
made by these properties is insignificant.. 
. Chin Chu et al (90) propoe3 that kg 4 is proportional 
- .1447 i -O-A,47 
ad kr is proport1.cnal to r L)  
and nte van 1inkle (101) proposed that !urphree plate 
-  
efficiency was proportional to () 	
0.614 
	
(s,) 	. 	The 
contribution made by these propertles is very small indeed. 
This correlation :lso states that Epj is proportional to 
0.19 
ç JIL ? 	. The contribution made by the Schmidt number is 
P1 
I 	insignificant because ratio kL does MA change much as 
DL responds to changes in viscosity. 
Bakowski (239 4) Introduced the average molecular 
weight of the liquid, its density and boiling point into the 
correlation for predicting plate efficie.Lcy. One may not 
expect any spectacular changes in plate efficiency especially 
when the molecular weights aad boiling points of ooionenta in 
a binary system are of same order of magnitude. It is 
therefore reasonable to conclude that the contribution made by 
viscosity and surface tension towards plate efficiency will be 
ig traces of more volatile aceiponente 
contribution made by changes in concentration due 
ition or mall quantities of solute to a solvent 
nnot explain the spectacular changes reported by some 
irbkers especially it'h aimnonia water (30),  benzene 
benzene - toluene (52), 
t the above discussion it is felt that the 
liquid should not have any effect on plate 
f1ciency especially when one of the componen to is added in 
- aces. The workers who claim that the plate efficiency is 
f'inetion of the concentration of liquid at the two extreme 
ends of the concentration range fail to give a coherent and 
logical explanation for t 	au.es. 
Be ZFFECT OF LIQUID S& 	'EIR !!EIGHT ON ThE • ?MTE EFT'I21 
The effect of the liquid seal on plate efficiency was 
Investigated only on two systems (acetone - water and acetone 
benzene)* The effect of weir height on the system acetone 
- water could not be detected as weir height was increased 
from j inch to 11 inches but in the ease of acetone bensene 
system the effect of weir height was observed even though the 
contribution made by the enhanced weir height was very small 
Indeed. Figs. 214 27 display the effect of weir height on 
plate efficiency in the case of the system acetone benzene 
and acetone water. 
The higher seal enhances or prolongs time of contact 
between the vapour and the liquid, with the result that the 
plate efficiency is increased, flowever s, the acetone water 
+1,5 
- - 
LIQUID LEVEL IN EXTERNAL 77EIR IN INHE 
AB07E OR BELO7 THE SIEVE PLATE FLOOR 
- 	 - 	 - 	 - 	 - 	 - 	 - 
FIc1. (32) PLATE EFFICIENCY VERSUS LIQUID LEVEL IN CUTL, 
TUBE VAPOUR VELOCITY = 4.84 Ft./Jc. 












explained by the tact that in this case, the plate was 
t one-rating in the bubble regime but in the spray regimee 
ork on the air — -,,,ster system has revealed that the 
late efficiency is dependent on the liquid seal and on the 
'. Gerater, Bonnet and ffeao (115) found that N0 
- Qnal to the square root of froth height. Pose,, 
i7ord (116) obtained a direct proportionality 
roth height. The factors determining the 
oth height are rather complex but one of the most important 
vriablea is the liquid level. Carey et al (52) reported 
at there was a regular increase in efficiency as the liquid 
seal was increased. 
C. LIGHT TR8IION Tt LUGH T113 DIPI 
YT : kC 1 ONE 
In ord' to explore the causes of high plate efficiency 
observed as the liquid level on the plate was lowered, a number 
of light transmission measurements through the dispersion were 
carried out. A parallel beam of transmitted light was passed 
through the dispersion at each liquid seal and the time 
required to receive a given quantity of light through the 
dispersion was measured. The values are recorded in Table 11 
and plotted in Fig. 33. 
Fig* 32 and Fig. 33 show an interesting relationship 
between the plate efficiency at a certain liquid seal and the 
light transmitted at the same liquid seal. A maxi rm amount 
of light was transmitted at lower liquid seals and a minirT.lnl at 
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1 fraction was transmitted through the dispersion whereas 
ri the liquid seal was low, spray was formed on the plate, 
ic reasonable to conclude that in the spray regime, higher 
late efficiencies were obtained besides now extraneous 
effects such as heat transfer from the plate and refluxing of 
liquid in the outlet lines from the coiwim to the boiler, 
1"? Q7 I.X'Lt 	!UIfl!7 Q ?Z4TZ EF?CErTOX 
able 12 registered (in the cane of acetone water 
ily) the value of plate efficiency as the liquid seal 
H  ite was varied by external weir height mechanism 
which was operated to adjust the level of liquid on the outlet 
tube to i t I and Ir inch, below the sieve plate floor or I #  
Ij and 2 inch above it s It was found that when the liquid 
level was is 1, ij inch above the plate, the plate efficiencies 
remained constant at 65. approximately but as the liquid level 
in the outlet tube was lowered below the sieve plate floor, t'c 
plate efficiency was considerably enhanced to 1Ot( an the 
outlet level was progressively lowered to j y I and 1j inch 
below the sieve plate. This may be attributed to the 
formation of sprays which resulted in a higher interfacial area 
between the phases. The adverse effect of entrainment was 
negligible at a vapour velocity of 4,8I ft./ac. as the coluum 
vapour outlet is IP inches above the sieve plate, This 
dbeervation lends support to the industrial practice of 
operating distillation columas in the spray regime, 
I 
t was lowered, below the plate level, there was a sudden 
'y and also in the amount of lit 
)ereion. Pram these observations 
ie may conclude that there may have been a leakage of the 
quid from the plate underneath the lowest weir piece. 
. T'FECT OF IWACCUPACIES IN VAPDXR / LIQUID EQUILImiL ?ON 
"E EFFICIFJICY 
There is a general agreement amongst various workers in 
the field that inaccuracies in vapour / liquid equilibrium data 
yield highly misleading values of plate efficiencies especially 
when the relative volatility of the system is low and operating 
and equilibrium lines are close to one another. Efforts have 
been made in the present study to assess the variations in 
plate efficiency brought about by I to 31', increase in 
equilibrium vapour composition. Table 42, item I illustrates 
how in the case of benzene - D.C. system, as the equilibrium 
vapour composition is raised by 1, 2 and 3%9 the plate 
efficiency drops from its actual value of 7495 to 38.6, 26 and 
1997% respectively. 	Similarly, the other results and those in 
Table 43, demonstrate the necessity of using accurate values of 
equilibrium composition for the evaluation of plate efficiency. 
The effect of Inaccuracies in equilibrium vapour 
composition on plate efficiency was not so great in the case of 
the acetone - water and acetone - benzene systems, As the 
equilibrium composition was raised by I and 2%, the plate 
efficiencies were affected to the same extent approximately in 
both the systems, This is due to the fact that the relative 
volatilities are higher; and the operating and equilibrium 
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COMPOSITION OF LIQUID MOLE % ACETONE 
. P'ECT OF VISCOSITY AND RELA7IVZ VOLATILITY ON PLATE 
t Chin Chu et a]. (90) fitted an analytical expression 
('C-:nell's empirical correlation for column efficiency. 
Ci i' 4 rfl 	appended here:- 
o = L9 
 
(- ).0.2J45 
ie - benzene, the predicted value of 
oifioiency from the above correlation varies from 43.24 to 
over the entire composition range, while for benzene 
'.C, system the predicted efficiencies vary from 49 to 60.39. 
On the contrary, acetone water shows a wider range of 
- riat1ons in predicted efficiencies over the entire composition 
range. The predicted values of efficiencies are 29.03, 26.2, 
32 9 13, 41.08 and 51,11% when the acetone is present in traces, 
10, 30, 50 and 70 mole % respectively in the liquid fed to the 
plate. It Is interesting to record here that measured values 
of efficiency in the present study are 80, 65 and 78 
respectively for the systems acetone - benzene, acetone - water 
and benzene - E.D.C. respectively. 
According to O'Connell's correlation, the efficiency 
cannot be very low at low concentration of more volatile 
component as claimed by many workers especially when the relative 
volatility Is low. 
G, EFFE(T OF LIQUID FLOW RATE ON PLATE EFPICINCY 
The effect of liquid flow rate on plate efficiency was 
measured in the case of the system acetone - water only. The 
vapour velocity was maintained at constant value but a part of 
the liquid leaving the plate was pumped back into the reflu.x 
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stream before it entered the rotamoter. 	The liquid flow rate was 
measured, brought to the proper temperature and injected onto the 
sieve plate. 	Table 10 indicates that the liquid rate has &ubstan- 
tiauly no effect on plat efficiency except when the liquid flow 
rate was very excessive. 	It aas found that plate efficiency was 
much higher (75 - 85%) when the liquid flow rate was 1227.29 ml./ 
minute, and 1 1473.4 ml./minut'. 
This may be due to an artefact because the cooling pot for the 
plate liquid proved inadequate to cool it to the room temperature. 
This Taight have resulted in the loss of acetone from the plate 
liquid. 	Consequently the composition of vapour in equilibrium 
with the liquid may 1C lowered, which could result in the elevation 
of plate efficiency. 	It is of course not certain that this is the 
only cause o raise the plate efficiency. 
A few experiments were conducted to see if there was a leakage 
of liquid from the plate through the insignificant gaps between the 
adjacent weir pieces. A gap of 3/16 inch was maintained between 
two adjacent pieces and plate efficiency was measured. 	It was 
found that the plate efficiency hardly changed when the other 
variabics were held constant. 
H. 	EFFECT OF VAPOUR VELOCITY ON ELATE EFFICIENCY:- 
Figs. (28-31) portray the effect of composition on plate 
efficiency with vapour velocity as a parameter. 	In all the three 
systems, acetone-benzene, benzene-thiophene, and benzene-EDC 
studied, there was hardly any effect of vapour velocity on plate 
efficiency. 	The average plate efficiency is 80 0 82 and 78% 
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approximately for acetone-benzene, benzene-thiophene, and benzene-
EDC respectively at the three vapour velocities of 1.15 ft/sc., 
1.69 ft/sc. and 2.37 ft/sc. (at a weir height of 141, 111, 111 res-
pectively). 	The following authors (25, 143, 145 and 50) corroborate 
the results obtained in the present study. 	However many authors 
claim that vapour velocity doe3 affect plate efficiency. 	This 
apparent discrepancy may be explained in the following manner:- 
(a) At very low vapour vclocities, the plate efficiency 
increases with increase in vapour velocity because "weeping" 
diminishes as vi.pour velocity i3 increased. 	At a certain minimum 
vapour velocity, the plate efficiency attains a maximum value, the 
plate efficiency then remains constant as the vapour velocity is 
further increased, but a stage is reached so that on increasing 
the velocity further, the plate efficiency falls due to entrainment. 
When "weeping" occurs, the liquid on the plate by passes the vapour 
with the result that plate efficiency is low. 	But as the vapour 
velocity is increased (at low ranges of vapour velocity) "weeping" 
is progressively.ciirninished and the plate efficiency seems to 
respond to higher vapour velocity. 	At a certain minimum vapour 
velocity "weeping" stops altogether and the plate efficiency attains 
a constant value. 	However when the vapour velocity exceeds allow- 
able limits through the column, entrainment starts to play a 
dominant role and consequently the plate efficiency begins to 
diminish as the vapour flow rate is enhanced. 
Gerster, Bonnet and hess (115) have shown that the number of 
gas phase tran3fer units is relatively independent of vapour 
velocity but the number of liquid phase transfer units increases 
with increasing vapour velocity and decreases with increasing 
93b 
a fiow rate. 	Therefore accorhin to these authors, at a 
constant reflux ratio, the plate efficiency should be independent 
f vapour velocity for ga film controlled transfer processes. 
'dinary distillation operations are regarded as vapour film con-
'olled, theru'ore the vapour velocity should not affect plate 
iency. 
alderbank (14) also found that vapour velocity has no effect 
ate efficiency, since in the usual range of operation of 
c;.Lurcial columns, the vapour hold up and hence the gas residence 
time remains unaffected, therefore one may not expect a spectacular 
of'uct. due to increase of vapour velocity. 
It appears that in the present study most of the mass transfer 
lace in the spray regime. 	Thorough search of the literature 
has not revcalcd the existence of a correlation for the estimation 
of the quantity of liquid drops suspended in the vapour phase in 
between the two adjacent plates. 	It is therefore difficult to 
assess the plate efficiency in such circumstances. 
U. 
t whether the composition of liquid on distillation plate had 
107, especially at the terminal 
lie component In the liquid. 
equent].y the acetone benzene and acetone water systems 
• studied when the concentration or acetone was low. 
izane - ethylene dichloride and benzene - thiophene systems 
re also investigated when the concentration of more volatile 
aponent (benzene) was very high. The experimental results 
indicate that In none of these systems was the plate 
efficiency affected by the composition. 
2. 	The effect of vapour flow rate on plate efficiency has 
also been found to be substantially insignificant. Three 
different vapour flow rates 1.15 ft./ac., 1.69 tt./ac. and 
2,37 ft./ace were used in the case of organic systems and 
vapour velocities of 4.81 ft./sc. and 6.37 ft./sc, were used 
in the case of the acetone - water system. 
30 The plate efficiency responded to an increase of weir 
height in the ease of the acetone 	benzene system. But the 
effect was very email. 
No effect or weir height on efficiency was observed in 
the case of acetone water system. This may be attributed 
to the fact that the vapour velocity was very high (Z.(I.j tt., 
so.) with the acetone water system which theref we operated 
in the spray regime. Referring to Peavy and Baker (47) and 
Kirsohbaum ( 1 17) one visualises that the effect of weir height 
- 	 L 
Of vapn flow is reached when the weir bei - ht or liquid seal 
has no effect on plate efficiency. 
5 , 	The plate efficiency is enhanced when the system 
regime provided the entrainment is 
3 
It is desirable that more experimental evidence on the 
'its efficiency of binary systems be produced to establish 
effect of composition on plate efficiency. It is 
i eeted that ethanol water, methyl ethyl ketone water 
arid methanol - benzene should be especially investigated * It 
is believed that these mixtures can be analysed accurately, 
It is desirable that plate efficiency measurements should be 
made near the azeotropic point especially. 
The vapour / liquid curve for the above mentioned 
systems should be experimentally established by using the 
existing modified OTHMER still. It is absolutely essential 
that thermodynamically consistent vapour / liquid equilibrium 
data should be availnble to measure the plate efficiency in a 
reliable manner, 
The existing apparatus may be modified to evaluate plate 
efficiencies in the spray regime more extensively by increasing 
t!..e rlumn height to 24 	30 inches. This alteration will 
reduce 	1tPaiflmeflt at higher boil up rates. The cooling 
caaoity and diameter of liquid lines should be increased in 
order to make the apparatus suitable for higher boil up rates. 
In cotirnercial columns the free area of the plate 
comprises generally 10 15',*of the column area. The free 
area of the present plate is about 1. It may be raised to 
approximately ICY in conformity with co. - r .ercial practice. 
There is paucity of data on the 3urface tension and 
viscosity of binary mixtures at their respective boiling 
points. The existing micro manometer may be deployed to 
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measure the surface tension accurately at the boiling point. 
The four s'tern3 irre 4tgated in the proent .ur3y were all 
surface tension positive according to Zuiderweg and Harmens' 
classification (5). 	It will be interesting to investigate 
some systems which are "neutral" or "negative" ui spray regi:'e, 
particularly those systems whose components possess markedly 
different surface tension. 
50 	The circular windows on the column may be replaced by 
narrow rectangular ones so that one may measure the density of 
biphae or photograph the spray at any point above the sieve 
plate and thus the quantity of liquid suspended in the vapour 
space above the sieve plate as well as the interfacial area 
may be measured. 
6. 	Little work has been done to correlate kg p kL and 
interfacial area with vapour velocity, surface tension and 
viscosity of the liquid, density and viscosity of the vapour 
phase. It will be rewarding to evolve such a correlation in 
the spray regime. 
The author gratefully acknowledges the debt of 
gratitude which he owes to his superiaor, Profeesor P. R, 
CaldePbank for his stimulating and inspiring guidance 
throughout the duration of the present study* 
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on record the appreciation and obligation which he feels 
towards Mr. C. 'cLeod and the other members of Workshop Staff 
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N OMENC LATUE 
I Greek letters 
CL 	- Relative volatility 
- Relative volatility of a component I with respect to j 
fi 	- Density of the medium gm./cm.-3  
fC, rL - Density of liquid or continuous phase lb./ft. 3 
c - Density of liould, or continuous phase gm./cm.-3  
f fj - Density of vapour lb./ft. 3 
Density difference between the continuous phase and 
the dispersed phase gm./cm.-3 
Surface tension of the liquid 	(lb./ft. 3 ) 
It 	 it it 	11 	 (dynes/cm.) 
Mass absorption coefficient cm. 2/gm. 
f-( c / Viscosity of the liquid or continuous phase 
lb./(hr.)(ft.) 
CL P , Viscosity of the liquid or continuous phase 
(centipoises) 
[LL  Viscosity of liquid or continuous phase ft. 2/(hr.) 
Viscosity of gas or vapour lb./(hr.)(ft.) 
/LG Viscosity of gas or vapour poises. 
E Voids fraction in a dispersion. 
Ratio of slope of equilibrium line to operating line. 
Time of Contact 
, 	() Function of X 
t ij Exponential efficiency 
II Ordinary letters 
A Interfacial of bubbles In the dispersion about a 
unit area of the plate. 
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A 	Cross sectional area of sieve plate column (rt. 2 ) 
AN 	 II 	 U 	it 	U 	 (cm. 2 ) 
Al 	Absorbance 
a 	Interfacial area on a plate / volume of dispersion. 
(ft. 2/ft. 3) 
a0 	Gas liquid interfacial area per unit volume of 
dispersion (cm. 1 ) 
a 	Interfacial area sq.ft./ft. 3 of liquid hold up on 
the plate. 
a 1 	Interfacial area / ft. of dispersion. 
a2 	Dimensionless constant 
b 	Length of the path of radiation. 
C1 	Gas concentration of a component at the interface. 
(lb. moles/ft. 3 ) 
C f 	Final concentration in the sphere after a time 
seconds 
CL 	Concentration of a component in the liquid phase. 
(lb. moles/ft. 3 ) 
CO 	Initial concentration lb. moles/ft. 3 
CLay 	Conversion factor for converting kL from ft./hr. to 
lb.moles/(hr.)( sq. ft.) 	It is equal tohmoles/ft. 3 
Cvav 	Similar conversion factor for kg 
C2, C3 Concentration of a component at the interface and in 
the bulk liquid. (3b.moles/ft. 3 ) 
Concentration of absorbing material 
CH- C Concentration driving force for mass transfer 
Concentration difference 
D 	Diffusivity (in general) 
Gas phase diffusion coefficient (sq. ft./hr.) 
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D1 	Thickness of absorbing material for gamma ray 
transmission. 
1"10A *PkISC 
D1, T Gas phase diffusivity (ft. 2/sc.)IN  
Diameter of orifice in sieve plate (ft.) 
DB 	Bubble diameter (ft.) 
DBM 	Sauter mean bubble diameter (cm.) 
DL Eddy diffusivity (ft. 2/sc.) 
DG 	Gas phase diffusivity (ft. 2/hr.) 
DL 	Diffusivity of transferring component In the liquid 
phase (ft. 2/hr.) 
DL 	Diffusivity of solute in the liquid phase cm. 2/sc. 
Diameter of orifice in sieve plate (cm.) 
d 	Specific gravity of the liquid 
e 	Liquid entrainment (lb. of liquid / of dry vapour) 
Ea 	Apparent plate efficiency when entrainment Is taking 
place. 
Ey, Murphree gas phase and liquid phase plate efficiency 
EML 	respectively. 
E0 	Overall column efficiency 
EOG 	Gas phase Murphree point efficiency 
Ev 	Plate efficiency based on overall material balance Cv) 
ETV 	Plate efficiency based of vapour temperature 
EL 	Plate efficiency based on overall material balance (L) 
EtL 	Plate efficiency based on temperature of liquid 
streams. 
F 	F factor = vapour velocity (ft./sc.) x vapour density 
(lb./ft.3) 1/2 
P 	A factor arbitrarily used by Geddes (i) 




























Molar gas flow rate 
Acceleration due to gravity 
11 	to 	of 	 4.18 x 10 8  ft./hr. 2 
Henery' s law constant lb. moles/ft. 3 (atmospheres) 
Gas hold up /ft. of froth height 
Volume fraction of gas hold up in the dispersion. 
Enthalpy of vapour leaving nth and n-lth plate 
it 11 	 U 	plate in equilibrium 
with the liquid. 
Average submergence (ft.) h = hL + hg + j h 
Submergence (cm.) = (static liquid seal (cm) + 
active slot opening) 
Effective submergence (ft.) = hL + - h 9 
it 	 (inches) 
Distance of the top of slot to the weir lip (ft.) 
Enthalpy of liquid leaving n-lth plate of nth plate. 
It it 	 it 	nth plate in equilibrium 
with the vapour 
Active slot opening ( ft.) 
0.45 QL (rt.) = liquid head over weir (rt.) 
Slot height (ft.) 
	
Intensity of emergent beam of 	-radiation 
Intensity of incident beam of >"... radiation 
Component I and j 
(K) Overall mass transfer coefficient (general) 
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Overall mass transfer coefficient (lb./moles/(hr.) 
(ft. 2)  lb. moles/ft.3) 
KOG 	Overall mass transfer coefficient lb. molee/(sc.) 
(lb. moles/ft. 3 ) 
OG Overall mass transfer coefficient lb. moles/(hr.)(ft. 2 ) 
kg 	Gas phase mass transfer coefficient lb. moles/ft. 2 
(sc.) (lb. moles/Ct. 3 ) 
k 	Gas phase mass transfer coefficient lb. moles/(hr.)
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(ct. 2) (lb. moles/ft. 3 ) 
k 9 
	Gas phase mass transfer coefficient lb. moles/(hr.) 
(ct. 2 ) 
kL 	Liquid phase mass transfer coefficient lb. moles/(hr.) 
(ct. 2 ) 
kL 	Liquid phase mass transfer coefficient lb. moles/(ft. 2 ) 
(sc.)(lb. moles/Ct. 3 ) 
kL 
I 	
Liquid phase mass transfer coefficient cm./sc. 
kL 
2 	
Liquid phase mass transfer coefficient lb. moles/(hr.) 
(ft. ) lb. moles/ft. 
k 	Vapour / liquid equilibrium constant 
k 	Dimensionless constant 
Ic2 	Molar volume of low surface tension corrroonent 
high 	it 	 If 
K1 	Mass transfer coefficient (Higbie's equation) 
Icc 	Mass transfer coefficient based on concentration units 
kp 	
it 	 if 	 it 	 it 	partial pressure 
difference 
L1 	Liquid flow rate gallons/mm. per foot of average 
width of the column. 
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L 	Thickness of region in which mass transfer is 
taking place. 
LM 	Molar liquid flow rate 
Ln, Moles of liquid leaving nth and n-lth plate 
L_1 	respectively. 
L 	Moles of liquid leaving the nth plate in equilibrium 
with the vapour 
L/V 	Reflux ratio (moles of liquid /moles of vapour) 
M 	 slope of vapour / liquid equilibrium curve 
M 	Molecular weight of the liquid 
LI 	Average molecular weight of the liquid 
NN Number of absorbing molecules in the path of the beam 
N 	Number of moles diffused in time t seconds in and 
out of sphere per unit area of the surface. 
N1 	Rate of mass transfer / unit area 
av 	Average rate of mass transfer per unit area 
Nex Expansion grmp. 	(Ref. 90) 
NG 	Number of gas phase transfer units 
NL Number of liquid phase transfer units 
N0 	Number of holes in sieve plate 
Peclet number 
P 	Pressure applied (general) 
P1-P2 	Partial pressure difference of a component in the 
bulk of gas and the interface 
Pressure in atmospheres 
Power dissipated by the impeller in dispersion or in 
an aerated liquid (horse power) 
PO P1 	Intensity of radiation of the Incident and emergent ,  
beams respectively. 
QG 	Gas flow rate ft. 3/hr. 
Qn 	Lose of heat to surroundings from the nth plate 
QL 	Liquid flow rate ft. 3/sc. per foot of weir length. 
R Concentration ratio for a constituent at in liquid. / 
gas at the interface 
Re 	Reynold's number 
r 	Molar reflux ratio in the column 
ro 	Orifice radius 
rb Bubble radius in ft. 
S 	Fractional rate of surface renewal 
Sm Cross sectional area of the beam 
Schmidt number in the gas and liquid phase 
and 
(SC)L 	respectively. 
Tn. & 	Temperature of vapour leaving n and n+lth plate 
T+i 	respectively. 
T O 	Temperature in degrees K 
TR 	Temperature in degrees Rankine 
T3f Temperature of vapour leaving nth plate and in 
equilibrium with the liquid on the plate 
t 
	
	Time of contact between vapour and liquid phases 
(general) = seconds (in Eq. 5.1 and 5.3) 
tL 	Contact time of liquid on the plate (Sc) 
te 	Time of contact for unsteady state diffusion calculated 
as the time required for a bubble to rise a distance 
equal to its diameter (hr.) 
te 	Time of contact for unsteady state diffusion (Sc) 
tM n 	Temperature of liquid leaving nth plate in equilibrium 
with the vapour. 
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t, Temperature of liquid streams leaving nth and n-lth 
tn_I plate 
U Gas rate ft.3/(Sc) 
	(ft)2 
 of tray bubbling area 
V Volume of gas in ft. 3 
V1 Molar volume of flow rate lb. moles/hr. 
V2 Superficial vapour velocity based on active plate 
area ft./hr. 
Va Velocity of rise of bubbles ft./hr. 
VB Volume of bubbles (ft. 3) 
VIE Moles of vapour leaving the nth plate in equilibrium 
with the liquid 
VM Molar volume of flow rate 
V, Moles of vapour leaving nth and n+Ith plate 
Vn+I 
V3 Superficial gas or vapour velocity cm./sc. 
it 	of 	it 	 it ft./sc. 
V3 Vapour flow rate / slot cm0 3/sc. 
I 
VT 	Terminal velocity of large bubbles ft./sc. 
It 	 t 	It 	 II  
VT 	 . 	cm.,/ sc. 
VI 	Velocity of rise of bubbles ft./sc. 
v Volume of liquid in mixing vessel or sieve plate (ft. 3 ) 
V2 
- 	Velocity of rise of bubbles (hr.) 
w 	Width of slot (ft.) 
Weight of substance transferred from one phase to 
the other 
Width of slot in inches 
W 	Outlet weir height In Inches 
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X 	Composition of liquid leaving the plate in 
equilibrium with the vapour 
Mole fraction of the component whose surface tension 
is lower 
x 	Composition of the feed liquid 
XL 	Film thickness 
xi 	Composition of the liquid entering the plate (% .V.c.) 




X, Y Constants in equation (5.30) 
yl, Y2 Composition of vapour entering and leaving the plate 
(% M.v.c.) 
Composition of vapour In equilibrium with the liquid 
on the plate (, M.v.c.) 
Yj,j 	Composition of composition with respect to i or j 
Z 	Compressibility factor In gas law equation 
(P V 0.73 Z TR) 
Zi 	Initial liquid level above the plate or above middle 
of slot in bubble cap. (ft.) 
ZC 	Clear liquid level on the sieve plate (inches) 
ZL 	Distance travelled by the liquid on the plate (ft.) 
Zy Foam height above sieve plate or above the middle of 
slot for bubble cap plate (ft.) 
III 
M.V.C. 	More volatile component 
E.D.C. 	Ethylene dichloride 
M.C.H. 	Methyl cyclo hexane 
T.C.E. 	Trichloro ethylene 
Rect. 	Rectangular 
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'1 --. (ii) Calibration Curve for Benzene -Ethylene Dichloride mixtures. 
Analysis by'( -ray transmission techinique. H.V. 1200 Volts, 
24..36 
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TABLE 1 
	 Al 
EXPERIMENTAL DATA FOR THE LOCATION OF WAVELENGTH FOR MAXIMUM 
ABSORPTION ON ULTRAVIOLET SPEC TROPHOTOMETEP UNICAM SF500 
SYSTEM : ACETONE - WATER 








1 230 0.052 16 263 0.2447 
2 240 0.107 17 264 0.2453 
3 250 0.182 18 264.5 0.2463 
L 251 0.1937 19 265 0.2452 
5 252 0.2007 20 266 0.2443 
6 253 0.2042 21 267 0.2423 
7 254 0.2102 22 268 0.243 
8 255 0.2167 23 270 0.237 
9 256 0.223 24 272 0.229 
10 257 0.2257 25 274 0.2207 
11 258 0.2307 26 276 0.2077 
12 259 0.2347 27 278 0.1943 
13 260 0.2373 28 280 0.1798 
14 261 0.2405 29 282 0.1610 
15 262 0.2447 30 290 0.0903 
A 2 
TABLE 2 
CALIBRATION DATE FOR THE ROTAMETER 














800 105.7 454.1 
 5.0 900 102.9 524.8 
 6.0 900 91.1 592.8 
 7.0 900 82.4 655.4 
 8.0 900 74.1 728.8 
 9.0 900 67.4 801.1 
 10.0 900 62.6 662.6 
 1110 800 51.2 936.9 
 12.0 900 53.7 1007 
 13.0 900 50.3 1074 
 14.0 900 47.13 1146 
TABLE 
EXPERIMENTAL DATA FOR THE ESTIMATION OF VAPOUR VELOCITY 
SYSTEM : ACETONE - WATER 
2 



















1 5.0 522.5 521.6 28.95 4.84 
2 7.0 661.0 659.81 36.623 6.13 
3 8.0 728 726.69 40.336 6.75 
EXPERIMENTAL DATA FOR THE ESTIMATION OF VAPOUR VELOCITY 
SYSTEM : BENZENE - ACETONE, BENZENE, E.D.C. 
BENZENE - THIOPHENE 
PLATE AREA = 100 Cm2 
















1 5 647.5 567.86 7.27 1.15 
2 7 800 701.6 8.982 1,42 
3 9 951 834.03 10.6776 1.69 
14 1332.5 1168.6 14.9610 2.37 
TABLE 14 
	 A 
CALIBRATION DATA FOR ACETONE - WATER MIXTURES 
WAVELENGTH OF INCIDENT RADIATION 2614.5 MILLI MICRON 
ANALYSIS BY ULTRAVIOLET SPECTROPHOTOMETER UNICAM SF500 





1 0.06 0.11414, 0.144 9 ' 0-144 0.11414 
2 0.08 0.19 2 , 0.19 2 , 0.191 0.1917 
3 0.10 0.239, 0.238 9 0.2140 0.239 
14 0.114 0.338, 0.338 2 0.338 0.338 
5 0.15 0.359, 0.3599 0.360 0.3593 
6 0.17 0.406, 0.1406, 0.1407 0.14063 
7 0.18 0.143149 0.1436, 0.1435 0.1435 
8 0.20 0.1483 9 0.1483, 0.1482 0.14827 
9 0.20 0.14859 0.1485, 0.14814 0.148147 
10 0.22 0.53149 0.5314, 0.535 0.53143 
11 0.25 0.605, 0.605 9 0.605 0.605 
12 0.28 0.676 9 0.6759 0.677 0.676 
13 0.30 0.728 9 0.728 9 0.733 0.7297 




EXPERIMENTAL VAPOUR / LIQUID EQUILIBRIUM DATE 
SYSTEM : ACETONE - WATER 	PRESSURE : ATMOSPHERIC 
APPARATUS : MODIFIED OTHMER STILL 
ANALYSIS BY ULTRAVIOLET SPECTROPHOTOMETER UNICAM SP500 
NO.  
COMPOSITION OF LIQUID 
(x) 
COMPOSITION OF VAPOUR 
(y) 
MOLE 	% 	ACETONE 
I 0.01051414 0.300533 
2 0.016938 0.1492171 
3 0.023570 0.681731 
14 0.0255141 0.71409146 
5 0.026770 0.7714870 
6 0.0309147 0.894445 
7 0.031688 0.935711 
8 0.0331406 0.9814107 
9 0.03141147 0.9937146 
10 0.038579 1.1335143 
11 0.0140787 1.209633 
12 0.0148677 1.448256 
13 0.055322 1.632991 
114 0.0611481 1.8133 
15 0.073062 2.114314 
TABLE 6 
	 1 • 
PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : ACETONE - WATER 
VAPOUR VELOCITY a 4.84 Ft./Sc. 









OF VAPOUR IN 
EQUILIBRIUM 




EFFICIENCY MOLE 	% 	ACETONE 
I 0.004386 0.091453 0.125046 72.2 
2 0.007437 0.135510 0.213729 62.1 
3 0.008268 0.158400 0.238617 65.2 
0.009893 0.181669 0.282279 63.6 
5 0.011049 0.209816 0.317279 64.9 
6 0.011844 0.223837 0.30698 64.3 
7 0.014084 0.272790 0.406382 65.9 
8 0.014392 0.268038 0.414561 63.30 
9 0.015185 0.293220 0.437864 65.8 
10 0.016378 0.324330 0.473197 67.4 
11 o.O16450 0.311814 0.475092 64.4 
12 0.020479 0.412536 0.593023 68.5 
13 0.023172 0.455965 0.672758 66.6 
14 0.023787 0.447451 0.689388 63.7 
15 0.028667 0.520766 0.834658 61.5 
16 0.028902 0.527623 0.841761 63.5 
17 0.033948 0.638593 0.992931 63.1 
18 0.035431 0.672157 1.037956 63.5 
TABLE 6 (Contth) 
PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : ACETONE - WATER 
VAPOUR VELOCITY = 4.84 Ft./Sc. 









OF VAPOUR IN 
EQUILIBRIUM 




EFFICIENCY M 0 L E 	% 	A C E T 0 N E 
j) 
19 0.036860 0.730732 1 .079191 66.5 
20 0.038831 0 .71483614 1.11408714 64.4 
21 0.01401314 0.800936 1.180366 66.7 
22 0.01439314 0.90322 14 1 . 2 951436 68.7 
23 0.01414658 0.8143698 1.3 1 9338 62.7 
214 0 . 0149 110 0 .969737 1.14514102 65.5 
25 0. 05 2 659 1 . 083 81 5 1 .5614983 68.2 
26 0.05 145142 1 . 10672 3 1 .6214142 5 67.02 
27 0. 055936 1 . 2067614 1 . 667772 71.14 
28 0 .0691416 1 .1463 22 3 2 .0914911 68.8 
29 0 . 070739 1 .5070 2.136673 69.5 
TABLE 7 
	 rM 
PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : ACETONE - WATER 
VAPOUR VELOCITY = 4,84 Ft./Sc. 













EFFICIENCY MOLE 	% 	ACETONE 
I 0.007004 0.131616 0.201305 64.1 
2 0.010616 0.227932 0.305405 73.5 
3 0.011735 0.2191402 0.337939 63.7 
14. 0.013469 0.263304 0.388131 66.7 
5 0.013524 0.258014 0.390016 64.9 
6 0.0114.030 0.258511 0.405136 62.5 
7 0.014879 0.272045 0.425277 62.6 
8 0.015637 0.285695 0.452367 61.8 
9 0.017191 0.335996 0.14.97230 66.4 
10 0.018184 0.370859 0.525722 63.6 
11 0.018384 0.368890 0.530808 68.4 
12 0.019612 0.336865 0.566976 57.9 
13 0.020877 0.421389 0.604497 68.6 
14 0.021292 0.40074 0.617216 63.6 
15 0.021636 0.427270 0.626139 67.1 
16 0.022594 0.416703 0.654249 62.4 
17 0.022902 0.447548 0.663192 66.3 
18 0.023696 0.463021 0.688108 66.1 
TABLE 7 (Contd.) 
PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : ACETONE - WATER 
VAPOUR VELOCITY = 4.84 Ft./Sc. 









OF VAPOUR IN 
EQUILIBRIUM 





EFFICIENCY MOLE 	% 	ACETONE 
19 0.023787 0.452358 0.689408 64.4 
20 0.02493 0.508218 0.723979 69.0 
21 0.025557 0.516907 0.741966 68.8 
22 0.027113 0.547650 0.788912 68.3 
23 0.031399 0.612023 0.917518 65.5 
24 0.036680 0.716531 1.075292 65.5 
25 0.037150 0.704518 1.090316 63.4 
26 0.042686 0.832417 1.259022 64.9 
27 0.044550 0.723152 1.317384 62.1 
28 0.046650 0.968600 1.380634 69.1 
29 0.053059 1.064121 1.577167 66.3 
30 0.054580 1.063013 1.625149 64.2 
31 0.056753 1.101953 1.686821 64.1 
32 O.o67914 1.354130 2.046375 65.0 
33 0.073545 1.481965 2.229691 65.3 
AlO 
TABLE 
PLATE EFFICIENCY AND COMPOSITION DATA 
VAPOUR VELOCITY = 4.84 ft./sc. 











OF VAPOUR IN 
EQUILIBRIUM 
WITH THE LIQUID 
!URPEE 
PLATE 
EFFICICY MOLE 	% 	ACETONE 
I 0.010430 0.212236 0.315760 66.1 
2 0.011880 0.220893 0.342335 63.2 
3 0.012711 0.242741 0.366164 65.7 
L. 0.013379 0.255024 0.3850 65.0 
5 0.015113 0.294514 0.436604 66.3 
6 0.015456 0.301053 0.436704 66.2 
7 0.016812 0.303033 0.485848 61.0 
8 0.018221 0.335314 0.527005 62.3 
9 0.019884 0.385278 0.575236 65.8 
10 0.020968 0.419221 0.610864 67.5 
11 0.022124 0.398846 0.642102 60.8 
12 0.026987 0.534984 0.785051 67.0 
13 0.028704 0.599276 0.835974 70.7 
14 0.0302 96 0.648747 0.882522 72.6 
15 0.034961 0.733412 1.024933 70.5 
16 0.037602 0.777641 1.103476 67.1 
17 0.040515 0.803183 1.190289 66.3 
18 0.042071 0.885222 1.240494 70.4 
TABLE 8 (Contd.) 	 All 
PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : ACETONE - WATER 
VAPOUR VELOCITY = 4.84 Ft./Sc. 
WEIR HEIGHT 	= 1In. 




VAPOUR ENTERING VAPOUR LEAVING EQUILIBRIUM MEJRPHREE 
THE PLATE THE PLATE WITH THE LIQUID 
No.  PLATE 
MOLE 	% 	ACETONE EFFICIENCY 
19 0.042705 0.866953 1.258360 67.8 
20 0.043447 0.859186 1.281547 65.9 
21 0.045492 0.932158 1.343997 68.3 
TABLE 9 
	 Al2 
PLATE EFF1CL:cGY AND O0:PO3ITION DATA 
VAPOUR VELOCITY = 4.814 Pt./Sc. 
WEIR HEIGHT 	= 2 In. 















EFFICIENCY MOLE 	% 	ACETONE 
I 0.0181438 0.339404 0.533977 62.3 
2 0.022215 0.1428222 0.61414655 65.2 
3 0.0307814 0.657875 0.8987114 72.3 
14 0.0331406 0.619577 0.976677 62.1 
5 0.0314021 0.639982 0.995567 63.7 
6 0.038851 0.7935114 1.1142223 68.14 
VAPOUR VELOCITY = 6,76 Ft./Sc. 
LIQUID FLOW RATE ON THE PLATE = 728 Ml./Minute 
1 	0.03601 	 0.7314918 	 1.055639 	68.5 
VAPOUR VELOCITY = 6.75 Ft./Sc, 
LIQUID FLOW PATE ON THE PLATE = 799 M1,/Minute 
1 0.023570 0.1456370 0.6814289 65.5 
2 0.026141414 0.527639 0.768307 67.6 
3 0.031597 0.591935 0.9211410 63.0 
14 0.0371 50 0.6761214 1.090361 60.7 
5 0.0140226 0.7933145 1.183037 65.9 
6 0.0142198 0 .8629149 1.21421478 68.14 
7 0.0149166 1.006026 1.14568214 68.0 
TABLE 9 (Contd.)
A13  
PLATE EFFICIENCY AND COMPOSITION DATA SYSTEM : ACETONE - WATER 
VAPOUR VELOCITY = 6.75 Ft./Sc. 
WEIR HEIGHT 	= 2 In. 
LIQUID FLOW PATE ON THE PLATE 937.5 Ml./Minute 
COMPOSITION 	OF COMPOSITION OF 
COMPOSITION 	OF 
VAPOUR IN  
Emv. 
VAPOUR ENTERING VAPOUR LEAVING EQUILIBRIUM MtJRPHRFE 
TI 	PLATE THE PLATE WITH THE LIQUID 
No.  PLATE 
MOLE 	% 	ACETONE EFFICNCY 
I 
1 0.031869 0.604321 0.929867 63.7 
2 0.031941 0.606160 0.933763 63.7 
3 0.036101 0.698563 1.057601 64.9 
VAPOUR VELOCITY = 6.75 Ft./Sc. 
LIQUID FLOW RATE = 1077 Ml./Minute 
1 0.037132 0.736397 1.090361 66.4 
2 0.041366 0.840703 1.217363 68.0 
3 0.043247 0.806304 1.275581 61.9 
VAPOUR VELOCITY = 6.75 Ft./Sc. 
LIQUID PLOW RATE = 1227.9 M1./Minute 
I 0.01 3L1.52 0.310205 0.387514 79.3 
2 0.021835 0.541139 0.631896 85.0 
3 0.040226 0.882522 1.183072 73.7 
TABLE 10 
	 A114. 
PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : ACETONE - WATER. LIQUID FLOW RATE ON PLATE = 522 rnl./mt. 
WEIR HEIGHT = 2 IN. + 3/16 IN. GAP AT - IN. 








OF VAPOUR IN 
EQUILIBRIUM MURPEPEE 
No. THE PLATE THE PLATE WITH THE LIQUID 
PLATE 
MOLE 	% 	ACETONE EFFICIENCY 
1 0.035233 0.677665 1.031454 63.5 
2 0.032592 0.67658 0.951955 66.5 
VAPOUR VELOCITY = 6.75 ft./sc, 
LIQUID FLOW RATE = 661 ml./mt. 
1 0.030187 0.546642 0.880580 60.5 
2 0.030856 0,572204 0.899497 62.4 
3 0.031833 0.606270 0.927919 64.1 
L. 0.033117 0.654245 0,966414 66.5 
VAPOUR VELOCITY = 6.75 ft./sc. 
LIQUID FLOW RATE = 887.8 ml./mt. 
1 0.044786 0.932 655 1.322035 69.5 
2 0.046324 0.946105 1.369968 68.0 
3 0.048225 1,001224 1 .L2871t 69.03 
TABLE 10 (Contd.) 
	
Al 5 
PLATE EFFICIENCY AND COMPOSITION DATA 
VAPOUR VELOCITY = 6.75 Ft./Sc. 
WEIR HEIGHT 	= 2 In. + 3/16 In. GAP 
LIQUID FLOW RATE ON THE PLATE = 1006.5 Ml./Minute 
COMPOSITION OF COMPOSITION OF COMPOSITION OF 
	Emv.
THE VAPOUR IN 
VAPOUR ENTERING VAPOUR LEAVING 	EQUILIBRIUM 	MURPIEE 
THE PLATE 	THE PLATE WITH THE LIQUID 
iAT   ' No.   
MOLE % ACETONE 	 I EFCINCY 
I 	0.0143573 	 0.895036 	1.2814868 	6.6 
2 	0.039393 	 0.822631 	1.158668 	7O3 
3 	0.0145293 	 0.899801 	1.3373145 	66. - 
VAPOUR VELOCITY = 6.75 Pt./Sc. 
LIQUID FLOW RATE ON THE PLATE = 1227.9 M1./Minute 
I 0.0146307 1.1143983 1.1472926 76.9 
2 0.014149149 1.1051444 1.328017 82.6 
3 0.035034 0.855353 1.025576 82.8 
14 0 .031670 0.683857 0.922059 73.2 
VAPOUR VELOCITY = 6.75 Ft./Sc. 
LIQUID FLOW RATE ON THE PLATE = 11473,14 Ml./Minute 
1 0.02140140 0.5751441 0.695809 	82.1 
2 0.026173 0.6147658 0.759950 	814.7 
3 0.03141401 0.775381 1.007956 	76.1 
TABLE 11 
	 A16 
EXPERIMENTAL DATA ON THE MEASUREMENT OF TRANSMITTED LIGHT THROUGH THE 
DISPERSION AS THE EXTERNAL WEIR HEIGHT WAS INCREASED PRO,'.. -I' INCHES 














.L OF LIGHT (SECONDS) 
-1 
I RR-5 -ij- 250 29 9 	29 0 29.3 	0.6 	-0.2321 
30 
2 if -1 250 29, 	29, 29.25 	0.585 	-0.2328 
29.5, 
29.5 
3 .4 250 51, 	50, 50 	1 	 0 
50, 49 
L of 0 10 300 9 280 9 292 	I 1641- 
297 
5 4 5 1176, 1167 	1167 	.067 
1158 
6 " +1 5 1523 1523 	1523 	3.1827 
7 It +I 5 176L. 176L. 	1764 	3.2465 
TABLE 11 (Contd.) 
EXPERIMENTAL DATA ON THEASUREMENT OF TRANSMITTED LIGHT ThROUGH THE 
DISPERSION AS THE EXTERNAL WEIR HEIGHT WAS INCREASED FROM -i3- INCHES 
TO + i3- INCHES FROM THE SIEVE PLATE FLOOR INTERNAL WEIR HEIGHT = I In. 


















8 RR.9 250 44, 44.5, 44.5 0 .890 	T.5t91 
45 
9 it -1 250 48, 48, 48.17 0.9634 	•.5338 
48.5 
10 it -3- 250 44, 45, 44.7 0.894 	T'.9513 
45 
II 0 5 1540 1540 1540 	3.1875 
12 +1 5 1559 1559 1559 	.928 
13 +1 5 2096 2096 2096 	3294 
14 +13- 5 2667 2667 2667 	3.4260 
15 RR.11 -13- 250 52.5, 52.67 1.0534 	0.022. 
52.5, 
53 
16 it -1 250 559 56, 55.5 1.11 	0.3.53 
55.5 
17 -3- 250 66, 69, 67.6 1.1352 	3.7T 
68 
18 ft 0 5 1609 1609 1609 	3.2365 
19 4 5 3280 3280 	1 3280 	3.5159 
T BT3 12 
EFFECT OF INTERNAL WEIR HEIGHT ON PLATE EFFICIENCY AT CONSTANT BOIL 
UP RATE 
SYSTEM : ACETONE - WATER 	INTERNAL WEIR HEIGHT = I In. 
No. VAPOUR VELOCITY 
EXTERNAL 
WEIR 	 PLATE EF2::ENcY HEIGHT 
In. Ft./Sc. 
I 4.84 - 1.5 	 104.1 
2 It - 110 	 96.0 
3 I t -0.5 	 91.E 
Li. 0.0 	 88.0 
5 i t + 0.5 	 65.i 
6 + 1.0 	 67.0 




CALIBRATION CURVE FOR THE ROTAMETER 
(TUBE SIZE 14, KORANNITE FLOAT TYPE K) 











(SECONDS) 	ML. /MiU T 	J 
1 2 700 f 99.6, 	99.6 99.6 421.6 
2 3 700 84.4 	8.8,! 8.6 496.4 
84.6 
3 4 800 83.7, 	8.1, 8.0 571. 
84.2 
5 800 74.3, 74.0 9  74.13 647.4 
74.1 
5 6 800 66.5, 66.3j 66.5 721.8 
66.6 
TABLE 1 
VAPOUR / LIQUID EQUILIBRIUM DATA FOR THE SYSTEM ACETONE - BENZENE AT 
ATMOSPHERIC PRESSURE 
APPARATUS : MODIFIED OTHMER EQUILIBRIUM STILL 
No. COMPOSITION OF THE LIQUID 
(x) 
COMPOSITION OF THE VAPOUR 
(y) 
MOLE 	ACETONE 
1 0.0726 0.2267 
2 0.1608 0.5053 
3 0.2I48 0.7714 
0.2581 0.8133 
5 0.3340 1.0534 
6 0.4355 1.3753 
7 0.4557 1.4403 
8 0.5942 1.8796 
9 0.6048 1.9153 
10 0.7182 2.2766 
11 0.7902 2.4770 
12 0.8625 2.6872 
13 0.8952 2.8359 
I4 1.0425 3.2998 
15 1.1052 3.4987 
16 1.2024 3.8267 
17 1.4351 4.5204 
18 1,5074 4.7130 
19 1.7100 5.4126 
20 1.8125 5.7406 
21 1.8723 5.9068 
22 1.9702 6.2597 
TABLE 15 
	 P71 
PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : ACETONE - BENZENE (AT TOTAL REFLUX) 
PRESSURE : ATMOSPHERIC; WEIR HEIGHT = 1.5 In. 
SUPERFICIAL VAPOUR VELOCITY = 1.15 Ft,/Sc. 
COMPOSITION OF1 COMPOSITION OF 
VAPOUR ENTERING VAPOUR LEAVING 
THE PLATE 	THE PLATE 
COMPOSITION OF I 	Emv. 
VAPOUR IN 
EQU ILIBRIU 	MURPHREE 
WITH THE LIQ1J..D 
No. 
	 PLATE 
MOLE % ACETONE 
	
EFFICIENCY 
I 0.04401 0.1053 0.1353 	 67.1 
2 0.05067 0.1336 0.1573 	 77.7 
3 0.05148 0.1259 0.1600 	 68.7 
0.06319 0.1520 0.1960 	 66.9 
5 0.07631 0.1851 0.2380 	 67.2 
6 0.09186 0.2167 0.2867 
7 0.1310 0.3316 0.4107 	 1.7 
8 0.1403 0.3469 0.4400 	 68.9 
9 0.2014 0.4869 0.6360 	 65.7 
10 0.2265 0.5213 0.6713 	 66.2 
11 0.2704 0.6451 0.8520 	 64.4 
12 0.3070 0.7345 0.9681 	 64.6 
13 0,14225 1.0113 1.3387 
14 0.5807 1.14501 1.8387 
15 0.79914 2.0280 2.5333 	 70.8 
16 1.0681 2.62148 3.3813 	 67.3 
17 1.21491 3.0185 3.9513 	 65.5 
18 1.141451 3.57149 14.5700 	 68.1 
TABLE 15 (Contd.) 	
,22 
PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : ACETONE - BENZENE 
SUPERFICIAL VAPOUR VELOCITY = 1.15 Ft./Sc. 















EFFICIENCY MOLE 	% 	ACETONE 
19 1.6685 4.0747 5.2827 66.5 
20 2.1843 5.2558 6.7950 66.6 
21 2.6648 6.2507 8.05 66.7 
22 3.4120 7.9241 9.9250 69.3 
23 4.2370 9.6476 12.04 69.5 
24 5.1283 9.9197 12.1650 66.1 
25 6.4905 14.1104 17.3333 7 
TABLE 16 
	 A23 
PLATE EFFICIENCY AND COMPOSITION DATE 
SYSTEM : ACETONE - BENZENE (AT TOTAL REFLUX) AT ATMOSPHERIC PRESSURE 
















EFFICIENCY MOLE 	% 	ACETONE 
1 0.05339 0.1736 0.1653 107.3 
2 0.08343 0.2167 0.2613 74.9 
3 0.09286 0.2319 0.2893 70.8 
4 0.09447 0.2365 0.2960 70.4 
5 0.1110 0.2780 0.3487 70.2 
6 0.2244 0.5748 0.7060 72.7 
7 0.2478 0.6193 0.7807 69.7 
8 0.2934 0.7460 0.9253 71.6 
9 0.3403 0.8894 1.0733 74,3 
10 0.3987 1.0013 1.2580 70.1 
11 0.5517 1.3943 1.7333 62.8 
12 0.6825 1.7559 2.1620 72.6 
13 0.9496 2.3880 3.0100 69.8 
14 1.2451 3.1059 3.9400 70.4 
15 1.2525 3,151.3 3.9650 70.0 
16 1.5883 4.2195 5.2067 72.7 
17 2.0734 4.9718 6.5150 65.3 
18 2 .4403 5.9805 7.45 70.6 
19 2 .5427 6.1717 7.745 6 9.7 
20 3.3124 7.5646 9.4450 69.8 
TABLE,  
PLATE EFFICIENCY AND COPOITION DATA 
SYSTEM : ACETONE - BENZENE (AT TOTAL REFLUX) 
PRESSURE : ATMOSPHERIC; WEIR HEIGHT = 3 In. 















EFFICIENCY MOLE 	% 	ACETONE 
1 0.029032 0.074977 0.087333 	78.8 
2 0.036369 0.092 309 0.111333 	74.7 
3 0.052277 0.131909 0.160667 	73.4 
0.113892 0.288871 0.3580 	71.7 
5 0.121103 0.324369 0.3800 	78.5 
6 0.154100 0.419634 0.4840 	80.5 
7 0.1977 0.5117 0.6220 	74.0 
8 0.2590 0.6762 0.8173 	74.7 
9 0.3138 0.8427 0.9907 	78.1 
10 0.3944 1.0238 1.2447 	74.0 
11 0.4811 1.2189 1.5213 	70.9 
12 0.4838 1.2943 1.5300 	77•5 
13 0.5285 1.3797 1.6720 	74.4 
14 0.5527 1.4520 1.7480 	75.2 
15 0.6239 1.581.1.0 1.9760 	71.0 
16 0.761.1.2 1.9599 2.1.1.220 	72.1 
17 0.9212 2.3613 29200 	72.9 
18 1.163653 3.02210 3.6833 	73.7 
19 1.4377 3.7525 4.5473 	74.4 
TABLE 17 (Contd.) 
PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : ACETONE - BENZENE 
SUPERFICIAL VAPOUR VELOCITY = 1.15 Pt./Sc. 















MOLE 	% 	ACETONE EFFICIENCY 
20 1.867526 4.737649 5.915333 70.9 
21 2.L1 2703 6.097675 7.39 74.04 
22 3.232409 8.101459 9.4950 77.7 
23 4.336166 10.402764 12.30 76.2 
24 5.438794 13.023082 15.1950 77.7 
TABLE 18 
PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : ACETONE - BENZENE (AT TOTAL REFLUX) 
PRESSURE : ATMOSPHERIC; WEIR HEIGHT = Li. In. 















EFFICIENCY M 0 L E 	% 	A C E T 0 N E 
1 0.0302 8 0.07898 0.09267 78.0 
2 0.04756 0.1261 0.1467 79.2 
3 0.07703 0.2053 0.2400 78.7 
0.1134 0.3103 0.3560 81.1 
5 0.1557 0.4262 0.1.1.913 80.6 
6 0.1826 0.4861 0.5753 77.2 
7 0.1958 0.5476 0.6160 83.7 
8 0.1963 0.5253 0.6187 77.8 
9 0.2301 0.6224 0.7253 79.2 
10 0.2946 0.8281 0.9287 84.1 
11 0.4113 1.1141 1.2993 79.1 
12 0.1.1.584 1.2610 1.4493 61.0 
13 0.5504 1.4801 1,7420 78.0 
14 0.5957 1.5680 1.8853 75.4 
15 0.6761 1.7710 1.9727 86.4 
16 0.7338 1.9635 2.3260 77.2 
17 0.8187 2.1974 2.5960 77.6 
18 0.8561 2.3391.1. 2.7133 79.8 
19 0.9342 2.5095 2.9613 77.7 
TL 1 9 
PLATE EFFICIENCY AND COMPOSITION DATA 
CYSTEM : ACETONE - BENZENE 
SUPERFICIAL VAPOUR VELOCITY = 1.69 Ft./Sc. 









o' vAPO 	IN 
EQUILIBRIUM 




EFFICIENCY MOLE 	% 	ACETONE 
1 0.2757 0.7250 0.8707 1 	75.5 
2 0.31147 0.8625 0.9927 30.8 
3 0.38146 0.9644 1.2127 70.0 
4 0.3994 1.0798 1.214147 50.5 
5 0.14953 1.3170 1.5660 76.7 
6 0.6178 1.671 2 1.9560 78.7 
7 0.6919 1.8959 2.1720 60.2 
8 0.82814 2.1736 2.6267 74.8 
9 0.9712 2.5580 3.0793 T5.3 
10 1.0617 2.8119 3.3620 5.8 
11 1.1662 3.11463 3.6913 3.7 
12 1.2917 3.141460 14.0867 77.1 
13 1.5586 14.01114 14.9327 72.7 
14 1.76314 14.6737 5.5853 76.1 
15 2.0870 5.5568 6.6833 75.5 
16 2.14119 6.23141 7.5167 74. 
17 2.91433 7.5126 9.0000 78.5 
18 3.5172 8.91479 10.14167 78.7 
TABLE 20 	 A28 
PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : ACETONE - BENZENE 
SUPERFICIAL VAPOUR VELOCITY = 2.37 Ft./Sc. 















EFFICIENCY MOLE 	% 	ACETONE 
1 0.18814 0.14827 0.5927 	72.7 
2 0.2287 0.61411 0.7213 	83.7 
3 0.2978 0.8296 0.9387 	82.9 
14 0.3236 0.8811 1.0207 	79.9 
5 0.31420 1.1506 1.0793 	91.1 
6 0.5223 1.141014 1.6527 	78.6 
7 0.6239 1.7305 2.00147 	80.0 
8 0.6667 1.8570 2.1120 	82.3 
9 0.67147 1.89140 2.1373 	83.14 
10 0.9661 2.61140 3.06147 	78.5 
11 0.9828 2.7370 3.1153 	82.2 
12 1.014914 2.91490 3.2920 	814.7 
13 1.1870 3.2590 3.7567 	80.6 
114 1.1870 3.32140 3.7567 	83.1 
15 1.12140 3.05140 3.5573 	79.3 
16 1.1910 3.2150 3.7693 	78.5 
17 1.1680 3.3770 3.6980 87.3 
18 1.2230 3.14970 3.8700 	85.9 
TAI31,E 20 (Contd.) 	 A29 
PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : ACETONE - BENZENE 
SUPERFICIAL VAPOUR VELOCITY = 2.37 Ft./Sc. 















EFFICIENCY M 0 L E 	% 	A C E T 0 N E 
19 1.2940 3.5800 4.0933 81.6 
20 1.4230 4.2864 5.2973 73.9 
21 2.2757 6.4580 7.2167 84.9 
22 2.7092 7.3441 8.3333 82.4 
23 2.9774 8.095 9.0333 84.5 
24 3.8583 9.4422 11.2333 79.4 
TABLE 21 



























1 5 20 0.25 0.587 0.21493 14.986 -0.28 
2 10 25 0.140 0.933 0.3963 9.9075 -0.925 
3 8 20 0.140 0.9143 0.4005 8.010 +0.125 
14 10 30 0.3333 0.787 0.33142 10.026 +0.26 
5 5 30 0.1667 0.392 0.1665 5.001 +0.02 
6 5 30 0.1667 0.3914 0.1673 5.019 +0.38 
7 20 200 0110 0.2314 0.09939 19.878 -0.61 
TABLE 22 
	 A31 
CALIBRATION DATA FOR MIXTURES OF BENZENE AND E.D.C. H.V. 1200 VOLTS 









I 41397t 41480 9, 41438 41438 4.6174 zero 
2 38538, 38171, 38208 38325 5.5835 0.1 
38207, 38503 
3 37137, 37118, 37157 37137 4.5699 0.15 
36347, 36298, 35991, 36241 4.5592 0.20 
36327 
5 33087, 33080, 33270 33146 4.5204 0.35 
6 32194, 32003 9  32008 9 32077 4.5062 0.40 
32103 
7 30497, 30338, 30298 30378 4.4825 0.50 
8 30323, 30507 9  30387 30406 4.4830 0.50 
9 28582, 28277, 28400 28420 4.4536 0.60 
10 25551, 25356, 25538 25482 4.4062 0.80 
11 25517 9  25672, 25458 25549 4.4074 0.80 
TABLE 22 (Contd.) 	 A32 
CALIBRATION DATA FOR MIXTURES OF BENZENE AND E.D.C. H.V. 1200 VOLTS 









12 22810, 22821, 22472 22701 4.3560 1 1 0 
13 21646, 21514, 21583 21581 4.3340 1.1 
14 20564,  203379 20505 20469 4.3111 1.2 
15 19374, 19349, 19417 19380 4.2874 1.3 
16 18984, 18773, 18737, 18853 4.2753 1.4 
18919 
17 18404, 18548, 18334, 18416 4.2653 1.4 
18378 
18 17619, 17661,  17703 17661 4.2470 1.5 
19 16737, 16674, 16743 16718 4.2232 1.6 
20 16021, 	15953, 	15898 15957 4.2031 1.7 
21 15201 9 	15169, 	15200 15190 4.1816 1.8 
22 14478, 11419, 14505 1466 4.1606 1.9 
TABLE 23 
	 A33 
VAPOUR / LIQUID EQUILIBRIUM DATA 








MOLE 	% 	BENZENE 
1 0 0 1.1647 
2 5.0 5.726 1.1541 
3 10,0 11.281 1.1444 
15.0 16.688 1.1351 
5 20.0 21.974 1.1265 
6 25.0 27.163 1.1188 
7 30.0 32.276 1.1120 
8 35.0 37.327 1.1061 
9 140.0 142,341 1.1015 
10 45.0 147.323 1.0980 
11 50.0 52.279 1.0955 
12 55.0 57.212 1.0940 
13 60.0 62.118 1.0932 
14 65.0 67.005 1.0935 
15 70.0 71.854 1.0941 
16 75.0 76.666 1.0952 
17 80.0 81.442 1.0971 
18 85.0 86.171 1.0996 
19 90.0 90.8142 1.1021 
20 95.0 95,1454 1.1050 
21 100.0 100 1.1082 
TABLE 2t1, 
	 t 
EXPERIMENTAL VAPOUR / LIQUID EQUILIBRIUM DATA 
SYSTEM : BENZENE - ETHYLENE DICHLORIDE 
PRESSURE : ATMOSPHERIC 
ANALYSIS BY GAMMA-RAY TRANSMISSION TECHNIQUE 
No.  
COMPOSITION OF LIQUID 
(x) 
COMPOSITION OF VAPOUR 
(y) 
MOLE 	% 	BENZENE 
1 99.1667 99.2568 
2 98.8406 99.9643 
3 98.3350 98.4922 
L. 98.0880 98.2901 
5 97.7852 97.9983 
6 97.4040 97.5049 
7 97.3031 97.5721 
8 97.0373 97.2583 
9 97.7369 92.5576 
10 88.6503 89.6809 
11 86.4589 87.6439 
12 84.4960 85.8274 
13 82.3252 83.7811 
14 80.0576 81.61487 
15 77.5875 79.3713 
16 72.9542 75.1624 
17 68.0560 70.14829 
TABLE 25 	 35 
PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : BENZENE - E.D.C. (AT ATMOSPHERIC PRESSURE) 
SUPERFICIAL VAPOUR VELOCITY = 1.15 Ft./Sc.; WEIR HEIGHT 	- In. 















MOLE 	% 	BENZENE 
1 90.2735 91.0046 91.2550 74.5 
2 90.2846 91.1040 91.2650 83.5 
3 90,7148 91-3029 91.6550 77.5 
90.7755 91.5239 91.71 80.1 
5 91.2228 91.9028 92.1075 76.9 
6 91..2946 9 1 .8945 92.1750 68.1 
7 91.8198 92.4732 92.6475 78.9 
8 9 1 -9305 92.6338 92.7475 86.1 
9 92.6283 93.2080 93.3750 77.6 
10 92.7225 93.3522 93.4575 85.6 
11 92.8223 93.4521 93.55 86.5 
12 93.2467 93.8632 93.9275 90.5 
13 93.3050 93.8882 93.98 86.4 
14 93-7187 94.2468 94.35 83.6 
15 94.2747 94.6894 94.8550 7.5 
16 94.2970 94.7673 94.8750 81.3 
17 94.7394 95.2076 95.2675 88.6 
18 94.7896 95.1824 95.3150 74.8 
19 94.9483 95.3329 95.46 75.2 
TABLE 25 (Contd.) 	
A 36 
 
PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : BENZENE - E.D.C. (AT ATMOSPHERIC PRESSURE) 
SUPERFICIAL VAPOUR VELOCITY = 1.15 Ft./Sc.; WEIR HEIGHT = - In. 















MOLE 	% 	BENZENE 
20 95.1936 95.58 95.6850 	78.9 
21 95.4222 95.8072 95.89 	 82.3 
22 95.8185 96.1283 96.2475 72.2 
23 96.3463 96.6371 96.7212 	77.6 
24 96.4581 96.7790 96.8475 82.4 
25 96,9448 97.21 63 97.25 	 87.7 
26 97.3479 97.5820 97.6250 	84.5 
27 97.7571 97.9514 97.9925 	82.5 
28 97.8445 98.0190 98.07 	 77.4 
29 98.0617 98.2350 98.2675 	84,2 
30 98.2524 98.3838 98.4375 71.0 
31 98.4226 98.5664 98.5950 	83.4 
32 98.7108 98.8316 98.8500 	86.7 
33 98.9250 99.0137 99.05 	 71.0 
34 99.0756 99.1499 99.1825 69.5 
35 99.2095 99.2809 99.30 	 78.9 
36 99.3299 99.3958 99.4150 	77.4 
37 99.4543 99.5021 99.5225 	70.1 
38 99.5466 99.5832 99.59 	 84.3 
A37 
TABLE 25 (Contd.) 
PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : BENZENE - E. D. C. 	(AT ATMOSPHERIC PRESSURE) 
SUPERFICIAL VAPOUR VELOCITY = 1.15 Ft./Sc.; 	WEIR HEIGHT = 	- In. 
AT TOTAL REFLtJX 
COMPOSITION OF COMPOSITION OF COMPOSITION 	OF I MURPIEE 
VAPOUR ENTERING VAPOUR LEAVING VAPOUR IN 
THE PLATE THE 	PLATE I EQUILIBRIUM 	j PLATE No. WITH THE LIQUID I 	 I EFFICIENCY 
MOLE % BENZENE 
38 99.5466 99.5832 99.59 84.3 
39 99.6154 99.6418 99.6525 71.2 










PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : BENZENE - E.D.C. 
AT ATMOSPHERIC PRESSURE AND TOTAL REFLUX 
SUPERFICIAL VAPOUR VELOCITY = 1.69 Ft./Sc. 















MOLE 	% 	BENZENE 
1 99.8309 99,8462 99.8480 89.4 
2 99.7713 99.7533 99.7780 72.9 
3 99.6170 99.6434 99.6570 66.0 
L. 99.5725 99.6080 99.6120 89.8 
5 99.5443 99.5731 99.5880 65.9 
6 99.5292 99.6125 99.5635 73.3 
7 99.4993 99.5326 99.5460 71.3 
8 99.3558 99.4071 99.4180 82.4 
9 99.2399 99.3007 99.3160 79.9 
TABLE 27 
	 A39 
PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : BENZENE - E.D.C. 
AT ATMOSPHERIC PRESSURE AND TOTAL REFLUX 
SUPERFICIAL VAPOUR VELOCITY = 2.37 Ft./Sc. 















MOLE 	% 	BENZENE 
I 99.71437 99.78514 99.80 	 82.2 
2 99.6800 99.7032 99.7100 	77.3 
3 99.60714 99.6395 99.61480 	79.1 
14 99.5602 99.5962 99.6020 	86.1 
5 99.52141 99.5680 99.5720 	91.6 
6 99.5167 99.55314 99.5620 81.0 
7 99.149514 99.5303 99.51400 	78.2 
8 99.32142 99.3862 99.3920 	91.14 
9 99.2365 99.30141 99.3120 	89.5 
TABLE 28 
	 A40 
CALIBRATION DATA FOR MIXTURES OF BENZENE AND THIOPHENE 









I 41220, 41236, 40858, 41186 14.6147 zero 
41430 
2 41649 9 41339, 41187, 41524 4.6182 zero 
41503, 41344, 41450, 
41631, 41757, 41860 
3 40250, 40553, 40282 40362 4.6059 0.10 
4 39557, 40030, 401144, 39934 4.6013 0.15 
40007 
5 39421, 39390, 39374 39395 4.5955 0.20 
6 39618, 39541,  39012 39390 4.59514 0.20 
7 38649, 38560, 38403 38504 4.5855 0.30 
8 372159 37361, 37452 37343 4.5722 0.45 
9 359809 35879, 35871 35910 4.5552 0.60 
10 34594, 34737 9 34630 34654 4.5397 0.75 
11 33543 9 33658 9 33445 33549 4.5256 0.90 
12 32815, 32863, 32833 32837 4.5164 1.0 
13 319749 32197, 32015 32062 4.5059 1.1 
14 31351, 31350,  31265 31322 4.5958 1.2 
15 30649, 30575 9  30663 30629 4.4861 1.3 
16 29913, 29938, 29861 29904 4.4757 1.4 
17 29343, 29344, 29253 29313 4.4670 1.5 
18 28474, 2 8637, 28519 2 8540 4.4554 1.6 
19 27797, 2 7991, 27881 27893 4.4454 1.7 
20 27082 9 27081, 27480 9  27234 4.4367 1.8 
27550, 27513, 27298 
AL1 
TABLE 28 	(Contd.) 
CALIBRATION DATA FOR MIXTURES OF BENZENE AND THIOPHENE 









21 259389 25981,  25851 25923 4.4136 2.0 
22 25439, 25380, 25292 25370 4.4043 2.10 
23 24791, 24699, 24809 24766 4.3939 2.2 
24 214205, 2 4413, 214339 214319 14.3860 2.3 
25 23988, 23977, 214006 23990 14.3801 2.4 
26 232890 233190 23382 23329 14.3680 2.5 
27 22676 9 22769, 22910 22798 14.3579 2.6 
28 21995, 21788 9 21887 21890 14.31403 2.8 




VAPOUR / LIQUID EQUILIBRIUM DATA 
SYSTEM : BENZENE - THIOPHENE (AT ATMOSPHERIC PRESSURE) (Ref .105) 
THE DATA IN THE TABLE HAS BEEN OBTAINED BY HERRINGTON'S EQUATION: 
LOG CL g. 0.063141 - 0.020013x 
No. 
COMPOSITION OF LIQUID 
(x) 
(MOLE FRACTION C6H6) 
RELATIVE 
VOLATILITY 
COMPOSITION OF VAPOUR 
(y) 
(MOLE FRACTION C 6H6 ) 
1 0.999 1.104 0.9991 
2 0.996 1.105 0.9963 
3 0.992 1.105 0.9926 
L. 01990 1.105 0.9908 
5 0.988 1.105 0.9893 
6 0.986 1.105 0.9872 
7 0.980 1.105 0.9817 
8 0.975 1.106 0.9772 
9 0.973 1.106 0.9754 
10 0.970 1.106 0.9727 
11 0.965 1.106 0.9685 
12 0.960 1.106 0.9638 
13 0.950 1.107 0.9545 
TABLE 30 
	 A43 
EXPERIMENTAL VAPOUR / LIQUID EQUILIBRIUM DATA 
SYSTEM : BENZENE - THIOPHENE (AT ATMOSPHERIC PRESSURE) 
No.  
COMPOSITION OF LIQUID 
(x) 
COMPOSITION OF VAPOUR 
(Y) 
MOLE 	BENZENE 
I 97.1384 97.4462 
2 89.7063 90.8077 
3 86.9647 88.0593 
84.2401 85.6001 
5 78.3691 80.3892 
6 73.3701 76.0330 
7 67.7789 70.4023 
8 61.8906 66.3375 
9 60.7847 63.7387 
10 56.3408 59.4898 
ii 53.2149 55.9539 




PLATE EFFICIFNCY AND COMPOSITION DATA SYSTEM : BENZENE - TIOPHENE (AT TOTAL 
REFLUX) PRESSURE; ATMOSPHERIC; VIEThHEI(HT = I In. 


















 97.8523 98.0328 98.064 65.2 
 97.7190 97.8484. 97.9420 75.7 
 98.095 98.2430 98.2800 80.1 
 98.0637 98.2005 98.258 84.5 
 98.1590 98.3167 98.347 86.1 
 98.3138 98.44.62 98.488 79.7 
 98.5107 98.6332 98.66 82.0 
 98.550 98.6758 98.698 84.9 
 98.7139 98.8056 98.846 69.5 
 98.8853 98.9702 99.00 74.0 
 99.0533 99.1387 99.1540 84.8 
 99.2376 99.3040 99.32 80.6 
 99.381 99.4463 99.45 94.6 
 99.3249 99.3884 99.40 84.5 
 99.3923 99.4463 99.46 79.6 
 99.5451 99.597 99.60 98.1 
 99.6871 99.7225 99.728 86.6 




PLATE EFFICIENCY AND COMPOSITION DATA-SYSTEM BENZENE - THIOPT-rENE 
(AT TOTAL REFLIJX) - AT ATMOSPHERIC PRESSURE. 

















MOLE % BENZENE 
 97.3979 97.5744 97.6480 70.5 
 97.4283 97.6322 97.68 81.0 
 97.4.563 97.7056 97.74.15 87.4 
 97.5969 97.7606 97.8060 81.0 
 97.6216 97.8059 97.8540 97,3 
 97.7319 97.8966 97.951+0 74.1 
 97.7044 97.8871 97.93 80.98 
 98.2846 98.4261 98.4580 81.6 
 98.5242 98.6483 98.6760 81.7 
TABLE 33 
	 A146 
PLATE EFFICIENCY AND COMPOSITION DATA 
SYSTEM : BENZENE - THIOPHENE (AT TOTAL REPLUX) 
AT ATMOSPHERIC PRESSURE 
SUPERFICIAL VAPOUR VELOCITY = 2.37 Pt./Sc. 















EFFICIENCY MOLE 	% 	BENZENE 
1 97.5907 97.7924 97.826 85,7 
2 97.61 97.8069 97.81420 814.9 
3 97.7022 97.8944 97.926 85.5 
14 98.0177 98.1826 98.218 82.3 
5 98.14795 98.6119 98.636 814.6 
6 98.14878 98.6276 98.614 91.8 
TABLE All  
PHYSICAL PROPERTIES OF LIQUIDS USED IN THE PRESENT STUDY 












I Benzene 80.1 78.11 96 0.877 0.8130 
2 Thiophene 84 84.13 87.6 1.064 0.9819 
3 E.D.C. 83.5 98.97 - 1.2525 - 
L Acetone 56.1 58.08 - 0.790 0.7476 
A147 
TABLE 35 
SURFACE TENSION OF THE SUBSTANCES AT DIFFERENT TEMPERATURES 
(Reference 124) 
TEMPERATURE SURFACE TENSION TEMPERATURE SURFACE TENSION 
00. (Dynes/cm.) 00. (Dynes/cm.) 
ACETONE E.D.C. 





60 18.61 60 26.7 
80 16.70 80 24.0 
BENZENE THIOPHENE 
O 31.58 
10 30.22 0 36.2 
20 28.68 
30 27.56 20 33.1 
LO 26.26 
50 24.98 LO 30.0 
60 23.72 




SURFACE TENSION OF BENZENE - E.D.C. MIXTURES AT DIFFERENT TEMPERATURES 	(Reference 124) 
0. 	wt, % E.D.C. I 	26 wt. 
T°C. 	S.T. 	T°C. 
fL 	29.65 	f1 
LL5 	25.63 	50 











68.10 wt. % E.D.C. 100 wt. % E.D.C. 














rTENSION OF ACETONE - BENZENE MIXTURES AT 20 0C.  20 	o 	50 	 60 	 80 	100 23.72 	2L.65 	25.60 	26.18 	 2 6.77 	 27.76 	28,9LtI 
Surface Tension dynes/cm. 
A 50 
TABLE 37 
SURFACE TENSIONS OF ACETONE - WATER MIXTURES AT DIFFERENT 
TEMPERATURES 	(Reference 124) 
No. WEIGHT % ACETONE 
SURFACE 	TENSION 
(Dynes/am.) 
AT 0 00. AT 25 0C. AT 45 01C. 
1 0 75.75 71.95 68.69 
2 5,0 59.54 55.45 52.52 
3 10.0 53.24 48.94 45.87 
20.0 45.21 41.11 38.14 
5 25.0 42.33 38.25 35.24 
6 30.0 40.01 35.98 33.18 
7 40.0 36.20 32.69 30.06 
8 50.0 33.53 30.38 2 7.86 
9 75.0 29.59 26.75 24.46 
10 85.0 2 8.5 2 25.59 23.28 
11 90.0 27.96 25.02 22.64 
12 95.0 2 7.24 24.19 21.71 
13 100.0 26.13 23.04 20.55 
A51 
TABLE 38 
VISCOSITY OF THIOPHENE AT DIFFERENT TEMPERATURES 
(Reference 124) 
VISCOSITY 	OF 	THIOPHENE 















BOILING POINT, VISCOSITY AND DENSITY OF AQUEOUS SOLUTIONS OF ACETONE 









0 	 100 0.9584 0.282 
1.0 	 93.0 0.9567 0.32 9 
2.0 	 86.5 0.9551 0.370 
3.0 	 81.3 0.9533 0.407 
4.0 	 77.6 0.9530 0.437 
5.0 	 75.0 0.,9472 0.462 
6.0 	 72.8 0,9435 0.486 
7.0 	 71.0 0.9400 0.510 
8.0 	 69.5 0.9364 0.532 
9.0 	 68.1 0.9331 0.543 
10.0 	 66.7 0.9298 0.560 
12.5 	 65.7 0.9202 0.576 
15.0 	 63.4 0.9119 0.597 
17.5 	 62.7 0.9030 0.595 
20.0 	 62.2 0.8949 0.591 
.30.0 	 61.0 0.8623 0.539 
40.0 	 60.4 0.8368 0.473 
50.0 	 59.8 0.8155 0.403 
60.0 	 59.3 0.7983 0.340 
70.0 	 58.8 0.7823 0.304 
80.0 	 58.2 0.7678 0.268 
90.0 	 57.4 0.7560 0.246 
100.0 	 50.2 0.7476 0.231 
A 53 
TABLE 140 
VISCOSITY OF ACETONE - BENZENE AND BENZENE - E.D.C. MIXTURES 
(Reference 1214) 
ACETONE 	- 	 BNZENE BENZENE 	- 	 E.D.C. 
No. 
WEIGHT % VISCOSITY WEIGHT % VISCOSITY 
BENZENE AT 25 °C. BENZENE AT 500C. 
(c.p.) (c.P.) 
1 0 0.5405 0 0.5649 
2 6.97 0.51458 30 0.14919 
3 2 3.01 0.5571 50 0.14550 
14 72.78 0.5811 70 0.14350 
5 85.83 0.5869 80 0.14281 
6 100.00 0.5992 90 0.14220 
100 0.14180 
TABLE 41 


















2 98.55 83.28 3,37 1,131 	x 1 .726 x 0.66 
—2 —2 
10 10 
5 97.93 83.15 3.35 1 . 1 3 2 x 1 .725 x 0.66 
—2 —2 
10 10 
10 96.88 82 ,94 3.31 1,1 34 x 1.723 x 0.66 
—2 —2 
10 10 
15 95.86 82,74 3.28 1,1 35 x 
-2 
1.721 	Ic 0.66 
-2 
10 
20 94.80 82 .55 3.25 1 . 1 37 x 1 .718  0.66 
-2 
10 
90 80.20 80.37 2.77 1.164 x 1.700 	" 0.68 
-2 
10 
95 79. 1 5 80.21 2.73 1.165 x 1.699 	.. 0.68 
-2 
10 
98 78 .53 80.10 2.71 1.166 
)1Io 
1.699 	,, 0.68 
TABLE 42 
EFFECTS OF ERRORS IN EQUILIBRIUM COMPOSITION ON PLATE EFFICIENCY 













PLATE EFFICIENCY WHEN THE EQUILIBRIUM 
COMPOSITION WAS CHANGED BY:- 
+1% +2% +3% -1% 
1 90.2735 91.0046 91,2550 74.5 38.6 26.0 19.7 159 
3 90.7148 91-3029 91.6550 77.5 31.7 21.2 15.9 21.4.8 
5 91.2228 91.9028 92.1075 76.7 37.7 24,9 18.6 - 
7 91.8198 92,1.4732 92.61.475 78.9 37.2 24.4 18.1 - 
9 92.6283 93.2080 93.3750 77.6 34.5 22.2 16.3 - 
12 93.21.4.67 93.8632 93.9275 90.5 38.0 24.0 17.6 - 
16 91.4.2970 94,7673 9 1.4.8750 81.3 30.8 19.0 13.7 - 
19 94.9483 95.3329 95. 1.4.6 75.2 26.2 15.9 11.4 
tJ1 
TABLE 143 
EFFECTS OF ERRORS IN EQUILIBRIUM COMPOSITION ON PLATE EFFICIENCY 











OF VAPOUR IN 
EQUILIBRIUM 





WAS CHANGED BY: - 
+1% +2% 
1 97.8523 98.0328 98.06140 85.2 15.1 8.3 
2 97.7190 97.814814 97.91420 75.7 10.8 5.9 
14 98.0637 98.2005 98.2580 814.5 11.6 6.3 
6 98.3138 98.4462 98.14880 79.7 11.14 6.2 
7 98.5107 98.6332 98.66 82.0 10.8 5.8 
8 98.550 98.6758 98.698 814.9 11 1 1 5.9 
9 98.7139 98.8056 98.8146 69.5 8.2 14.3 
10 98.8853 98.9702 99.00 714 7.7 14.0 
12 99.2376 99.30140 99.32 80.6 6.2 3.2 
lIt 99.32148 99.38814 99.140 814.5 5.9 3.1 
16 99.51451 99.5970 99.60 98.1 14.9 2.5 
